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DYNAMIC-STATISTICAL PARAMETERIZATION OF THE OCEAN'S THERMAL MEMORY
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 5-14

[Article by Doctor of Physical and Mathematical Sciences Sh. A. Musayelyan,
USSR Hydrometeorological Scientific Research Center, submitted for publica-
tion 5 July 1979]

Abstract: The problems of predictability of
atmospheric processes and long-range weather
forecasting are discussed. Particular atten-
tion 1s devoted to the role of external ener-
8y sources. The author emphasizes the role

- of cloud cover over the ocean as a regulator
of the heat influx in the process of absorp-
tion of solar radiant energy by the ocean.
A dynamic-statistical method for parameter-

_ ization of the ocean's thermal memory is out-
lined.

[Text] In the short-range forecasting of meteorological fields the atmo-
sphere in the first approximation can be regarded as an 1solated medium and

=z the processes transpiring in it can be regarded as adiabatic. In other
words, in the first approximation the short-range forecasting of meteor-
ological fields 1s the Cauchy problem -- a problem with initial data. Ac-~
cordingly, in numerical shert-range weather forecasting the principal fac-
tor 1s the quality of analysis of the fields of initial data. [The pro.lem
of boundary conditions will not be discussed here (Author's note).] In ac-
tuality, however, the processes transpiring in the atmosphere are strictly
nonadiabatic, and when one speaks of study of atmospheric behavior over
long and very long time perifods the external energy conditions must be re-
garded as determining factors. And this means that the problem of modeling
of short-period climatic variations or long-range prediction of meteorolog-
ical fields is the Cauchy problem, but with a source, In other words, in
this case it is insufficient to have only qualitatively analyzed initial
fields; it is also necessary to take into account, and this is partic:lar-
1y important, the principal macroscale nonadiabatic factors.

WVAD ATWTATAT 11017 nave ey
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The contributions of initial data and external energy sources to numerical
weather forecasting for different times in advance have been examined by a
number of authors (for example, see [1, 4]). These contributions can alsou
be investigated directly on the basis of the first law of thermodynamics.

Qualitative Analysis of Contributions of Initial Data and Nonadiabatic
Factors

As is well known, the mathematical expression for the first law in thermo-
dynamics, applicable to atmospheric conditions, is the energy equation,
- which can be written in the following form:

- oT v, OT v, or k .
oMyt . AT=E.
- o ¥ "u D9 + asind  OA a? E 1)

Here t is time, A is geographic longitude, O= 7/2 - », % 1is latitude,
Vo (8, A, t) and va (6, A, t) are the velocity components along the

- G and A axes respectively, T(H, A, t) is temperature, a is the earth's
mean radius, k is the coefficient of horizontal macroturbulent exchange,
A 1is the Laplace operator in spherical coordinates and the function
E(&, A, t) integrally describes all the heat influxes.

We will assume that it is necessary to obtain a solution of equation (1),
periodic relative to A, symmetric relative to the equator and limited at
the pole, satisfying the initial condition

T(®, & £)|rm0=T,(®, 1. ' @)

For convenience in the subsequent presentation we introduce the notation

vy OT v, OT . -
-2 95~ Twe =10 h 1)
and equation (1) is rewritten in the following form:

or k o
7_7A7‘_E+I. 3)

Assuming that the functions E(&, A, t), I( 8,2, t)and Top( B, A)
can be represented in the form of series in spherical functions

E=Re LY Er(f)e-m* Pm(cos®),

nm
4
I=ReTE 17 (&) e=m P7 (cosB), @
nm
,=Re XX T7, e~ '* Pr(cos),
nm
we will seek a solution of equation (3) in the form
T=Re ):Z Tn (8) o imh Pm (cos B). )

nm
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In formulas (4) and (5) E®(t), Iﬁ(t) and Tg(t) are complex functions, Tg a
are complex numbers, and n(cos © ) is the adjoint Legendre polynomial.

It 1s easy to show that the considered problem is reduced to integration
of the equation

k
-_._n ' -
ar T Fh(n+1) Tm = En 4 Im (6)

with the stipulated condition

To(8) | imo=Ty . )

The solution of problem (6)~(7) can be written in the form

0= ST N exp ks 1)
f" (t)"——kn(Tlrl p = Il(ﬂ—‘l> l)t}-{- (8)
+ Tm exp [—ai n(n-1) t],

m

where EE and EE are values of the functions En(t) and Ig(t), averaged in

the considered time interval.

Formula (8) 1s prognostic. The second term on the right-hand side of this
formula shows that in the prediction of temperature the role of initial
data actually decreases with time, and this decrease occurs exponentially.
However, the first term on the right-hand side of (8) shows that the con-
tribution of the energy sources increases with time in conformity to the
law

l—exp[——(—lk._fn(n—i- 1) t].

It is entirely obvious that both these processes (decrease in the role of
initial data with time and increase in the contribution of energy sources)
occurs differently for different wave numbers n. In addition, the intensity
of both these processes is essentially dependent on the value of the coef-
ficient of horizontal macroturbulent exchange k, which, as is well known,
varies in a rather broad range.

For waves of the scale of middle-latitude cyclones n4 5 and for the value
k = 106 n2/sec the contributions of the above-mentioned processes are rep-
resented in Fig. 1.

In this figure we have plotted time in days along the horizontal axis, and
along the vertical axis -- some conditional rg value characterizing the
contribution of some factor to the precomputed meteorological field (in
essence, this is the parameter characterizing the success of the predic-
tion, for example, the correlation coefficient).

3
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Fig. 1. Contributions of initial data (1) and heat influxes (2).

The following corclusions can be drawn on the basis of an analysis of Fig.
1:

1) In the time interval 0< t<5 days the success of the forecast is deter-
mined primarily by the quality of analysis of the initial field and the
contribution of the energy sources is secondary. In this case the fore-
casting problem in the first approximation can be regarded as the classic-
al problem with initial data. According to the terminology which is now

in use forecasts for up to five days are called short-range.

2) In the time interval approximately from one to two weeks the role of
the above-mentioned factors is approximately identically important, that
is, the success of the forecast is determined to an approximately equal
degree both by the quality of analysis of the initial field and the con-
tribution of energy sources. In this case the forecasting problem can be
considered as the Cauchy problem with a source; both these factors are
identically important. This is a case of intermediate forecasts.

3) In the time Interval from two weeks to one-two months there 1s a contin-
ulng decrease in the role of initial data and an increase in the contribu-
tion of energy sources. In this case the forecasting problem is evidently
the Cauchy problem with a source, but the main role is nevertheless played
by energy sources. This is the case of long-range forecasts for a month

and a season.

4) Finally, in the time interval from one-two months to infinity the role

- of initial data becomes negligible and everything (or almost everything)
is determined by the external energy conditions., This is the case of a
superlong-range or climatic forecast.

Other classifications also exist.

We will return to formula (8). It is easy to show that the time {0, at
whose end the role of initial data becomes equal to the contribution of
the energy sources, is determined using the formula

0,7 a?

Ky rar e
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Below we give the '60 values for different wave numbers with k = 106 n?/
sec.

n 1 2 3 4 5 6 7 8 9 10
o days 162 54 27 16 11 8 6 5 4 3

The cited data show that the ultralong components of the initial fields
(n =1, 2, 3) are conserved for a very long time in the atmospheric mem-
ory and only after one or more months their role becomes less than the
contribution of energy sources. Waves of a synoptic scale (a®5) in the
atmospheric memory, however, are conserved only for approximately two
weeks, after which the role of nonadiabatic factors increases.

Finally, for the high-fraquency components the role of initial data de-
creases very rapidly and literally after several days the external energy
sourcas become the determining factor.

Another conclusion which follows from formula (8) relates to the predict-
ability problem.

As 18 well known, the traditional interpretation of the problem of predic-
tability of atmospheric processes is based on the conclusion that the err-
ors contained in the initial fields are doubled each two to four days, as
a result of which predictability is a definite limit equal to five-seven
days (for example, see [6]). This, to a certain degree, agrees with the
Just mentioned formula. Moreover, curve 1 in Fig. 1 shows that the con-
tribution of initlal data decreases with time independently of their ac-
curacy -- such 1s the structure of the equations in hydrothermodynamics.
But, according to this same formula, with a decrease in the role of ini-
tial daca the contribution of energy sources increases. Therefore, to
speak of atmospheric predictability, taking into account only the role

of initial data and laying aside the contribution of energy sources, means
from the very beginning to set a limit to predictability of 5-7 days.

This follows from formula (8) and can be seen clearly in Fig. 1. The na-
ture of atmospheric processes is evidently such that allowance for only
one factor -~ the contribution of initial data -- leads to a sharp limita-~
tion on the predictability limit, whereas the addition of another factor
-~ energy sources -- makes this limit longer. In any case, such is the
nature of the equations of hydrothermodynamics, and this rigorously fol-
lows from formula (8) and can be seen clearly in Fig. 1.

The structure of the prognostic formula (8) is such that when having even
precise initial data, strictly speaking, it is impossible to precompute
the predicted field precisely even for one day. However, if in addition
precise data are available concerning the sources, using this formula it
1s possible to precompute the temperature field for any time with the ac~
curacy with which equation (3) 1s integrated. However, the initial field
is known very approximately and only for a part of the earth constituting
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about 20% of its entire surface. With respect to the energy sources, judg-
ing from everything, our ideas concerning them are extremely vague. There-
~ fore, when reference is to long-range weather forecasting the principal
= problem is that of discriminating and parameterizing the most important
large-scale energy sources controlling the behavior of the global atmo-
. gphere over long time intervals. Everything set forth above indicates
that when reference is to short-range weather forecasting the term '"atmo-
- spheric predictability" in general is an apt expression. However, 1if ref-
erence is to long-range forecasting of meteorological fields the tradi-
tional problem of predictability must evidently be dealt with in a new
way and the term "atmospheric predictability" itself must be replaced by
some other, more sultable term, such as the term "long-range predictabil-
ity of the earth-atmosphere system.”

In equation (3) and formula (8) the temperature T( &, A, t) and its ex-
pansion coefficients Tm(t) are functions highly dependent on time. Now
we introduce into consideration the climatic temperature T(&, A) and we
will assume that it is slightly dependent on time (as it actually is), so
that aT/a t# 0. Then, if we denote the expansion coefficients T(O, N
in spherical functions by Tm it is easy to show that

Fm _ @ (E7+T)
Td = kn (n+1) ®)

On tue other hand, on the basis of (8) it is easy te find

a? (E; 4-717) (10)

,l_l.T T”"'(t) = "kn (n+1)

Comparing (9) and (10), we have

. : %:’={Iim T ().

Thus, according to formula (8), modern climate is some asymptomatic state
of the real atmosphere with real boundary conditions and external energy
gources.

It should be noted that the conclusions drawn above do not have a categor-
ical nature due to a number of simplifications of the considered problem
(in particular, no allowance 1s made for the process of energy exchr-:ge
between waves of different scales). However, it appears that these con-
clusions, at least qualitatively, agree with modern concepts.

The enumerated classifications are based on a very important fact: the in-
itial data on the state of the atmosphére sooner or later "are forgotten"
and the factors controlling atmospheric behavior over long time intervals
will be the external energy sources.

6
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Thus, for developing a long-range weather forecasting method it is neces-

- sary that we first discriminate and parameterize those factors which con-
trol the processes transpiring in the "earth-atmosphere” system over the
course of long time intervals.

Fig. 2. Mean monthly vertical water temperature profiles and Qq values.
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Fig. 3. Cross-correlation matrix of moving averages of the S'(tp) and T'(t,
- +) values for two months.

- Comments on Thermal Memory of Ocean

In an investigation of large-scale atmospheric processes it can be assumed
that the sun is the only energy source.
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The nature of atmospheric-oceanic processes is such that the ocean in the
warm half of the year absorbs solar radiant energy, transforms it into
thermal energy and "remembers" it, that 1s, accumulates it in its depths.
In the cold half of the year, using different heat exchange processes,
the ocean transmits this heat to the atmosphere. In this case the cloud
cover is the principal regulator with a feedback [3-5, 7].

In order to trace this process we will turn to Fig. 2, where on the basis

of data for weather ship M (66°00'N, 02°00'E) we have shown the mean month-
ly vertical water temperature profiles for all the months of 1953. Along the
vertical axis we have plotted depth in meters, and along the horizontal

axis -- time t (the months are denoted by Roman numerals) and temperature

T in degrees Celsius. "Qp" denotes the heat content of an ocean layer with
a thickness 150 m with a temperature constant with height, equal to 5.2°C.
"Q" (1 =1, 2,...,12) denotes deviations of the heat content of the men-
tioned layer from Q; (heavy shading).

An analysis of this figure indicates that an increase in the heat content

of the active layer of the ocean occurs in the warm half of the year, where-
_ as in the winter the accumulated heat is transmitted to the atmosphere.

This can be seen particularly well in the inset to Fig. 2, where the solid
curve represents the approximate depth of the homogeneous layer of the
ocean, whereas the dashed curve represents the ratio Q1/Q,.

For greater clarity we will cite the following well-known example [4]. If the
temperature of the upper 100-m layer of the world ocean is reduced by 0.1°C
and 1t is assumed that all the released heat is expended on heating of the
atmospheric air, the temperature of the entire atmosphere to an altitude 30
km is raised by approximately 5-6°C.

- Thus, in developing a method for long-range weather forecasts an acute need
arigses for parameterization of the thermal memory of the ocean.

Role of the Cloud Cover of the Oceans

The process of absorption of solar radiant energy by the ocean, its trans-

- formation into internal energy stored in the warm half of the year and the
release of this accumulated heat to the atmosphere in the cold half-year
cannot for the time being be parameterized in general form with the accur-
acy necessary for the development of long-range weather forecasting schemes
on this basis.

The author of [5, 7] gave a certain phenomenological interpretation of

this problem. There, instead of the temperature of sea water, he proposes
the use of information on the cloud cover of the oceans received from
meteorological satellites. In particular, it was demonstrated that there
is a quite close asynchronous correlation between anomalies of summer cloud
cover over the ocean, averaged for three-month time intervals, and devia-
tions of winter air temperature on the continent from the norm.

8
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Further investigations indicated that such a correlation also exists with
two-month averaging of anomalies of the above-mentioned meteorological el-
ements [2]. As an example, we will examine Fig. 3, where by means of iso-
correlates we have represented the correlation matrix for Leningrad. 1In
computing this matrix on the basis of data from meteorological satellites
for the 10 years from 1965 through 1974 we formed the mean monthly values
for total cloud cover at the points of a geographic grid 5° x 5° for the
part of the North Atlantic bounded by latitudes 40 and 65°N. Using these
data we determined the norms for each month in the year and then computed
the corresponding -anomalies and averaged them for the considered part of
the ocean. The monthly temperature anomalies used were those employed in
the operational work of the USSR Hydrometeorological Center.

Using these data we computed the moving mean two-month anomalies of the
considered meteorological elements.

Along the horizontal axis in Fig. 3 we have plotted the time shift € , and
along the vertical axis —- the months of the year. The nature of the field
of isocorrelates in this figure is approximately the same as for the case
of three-month averaging [5, 7], to wit: the field of isocorrelates is rep-
resented by altérnating positive and negative correlation regions extend-
ing along the main diagonal of the matrix. It is easy to discriminate a
region of negative correlation between the characteristics of summer cloud
cover and winter temperature.

Such cross-correldtion matrices were computed for each of 31 stations uni-
formly distributed over the European USSR. An analysis of these matrices
made it possible to discriminate the most informative indicators for for-
mulating a statistical scheme for predicting air temperature anomalies for
the European USSR on the basis of cloud data registered over the North At-
lantic. These predictors are listed in the table. One of the important
peculiarities of this table is that in the prediction of the temperature
anomaly for the cold half of the year the number of predictors invariably
includes the cloud cover anomaly for the warm half-year. A prognostic re-
gression equation was written on the basis of this table. The regression
coefficients were determined using data from a teaching sample for 10-12
years by the least squares method. Then, using data from an examination
sample we computed a series of forecasts of two-month air temperature
anomalies for the European USSR. These predictions are usually poorly suc-
cessful with respect to sign, especially in those cases when there is a
predominance of zonal circulation in the lower half of the troposphere.

At the present time the prediction method is in the stage of operatioral
tests. The preliminary results of these tests are encouraging.

Thus, like the earlier published studies [5, 7], the results presented in
this article convincingly demonstrate that there is a quite close negative

asynchronous correlation between summer cloud cover anomalies over the
North Atlantic and deviations of winter air temperature from the norm in
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the European USSR. And this means that the heat absorbed and accumulated
in the active layer of the ocean during the warm half of the year is re-

tained for a very long time in its depths
sphere during the winter months.

and is released to the atmo-

Predictor Months Using Cloud Cover Anomaly for Temperature

Prediction months

January-February’
February-March
March-April
April-May
May-June
June-July
July-August
August-September
September-October
October-November:
November-Decembter
December-January

Predictor months

April-May
August-September
September-October
September-October
February-March
February-March
January-February
June-July
April-May
June-July
May-June
July-August

Dynamic-Statistical Approach to the Problem of Parameterization of the
Oceanic Thermal Memory

On the basis of the results obtained in the preceding sections we will at-
tempt to formulate some phenomenological approach to the problem of dynam-
fc-statistical parameterization of the process of the thermal effect of
the ocean on the atmosphere [5].

Bearing in mind the above-t~ntioned conclusions as a first approximation,
we will assume that the quantity of heat Qr(éL A, t) accumulated in the

active layer of the ocean during some summer month is proportional to the
function :

Nr (el )" t):—‘l —O)l Sr (el )‘1 t),

where r is the numbering of the months during the warm half-year, Sr(éa,
A, t) is the corresponding total quantity of clouds. It then can be
written that ’

Q’ (H’ )" t):'(’(e' .," t) Nr (81 .’" t)) (11)

where X& are some still unknown functions to be determined and which are
assumed to be quasiuniversal.

It is obvious that

: 1y, when Sy = 0/10
Q={"
r={g when S, = 10/10
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It evidently can be postulated that the quentity of heat QY released by

the ocean into the atmosphere in the q-th winter month consists of the
quantity of heat accumulated in the active layer of the hydrosphere dur-
ing each of all the summer months. The contribution of each month of the
warm half-year must enter with its weight. Now we will assume that as a
teaching sample we have an archives containing observational data for
years. For each pair of successive warm and cold halves of the year belong-
ing to this sample we have, on the basis of (11)

=X N, (12)

Accordingly, the heat influx equation for predicting air temperature (with
stipulated initial and boundary conditions and known horizontal velocity
components) of the q-th winter month, with (12) taken into account, can be
_ written in the form oT vy OT v, oT b Av E \
Tt et e o T w AT=& N, (13)
For convenience in exposition, we will call the functions ){2(6,)) the
asynchronous influence functions.

Our objective is a determination of elements of the matrix "jﬁg(é?.}\)”
functions for each pair of numbers rc:n and =) possible for real at-
mospheric-oceanic conditions.

Equation (13) describes the change in air temperature caused by the thermal
effect of the ocean on the atmosphere, advection and horizontal macrotur-—
bulent exchange. A distinguishing characteristic of this equation is that
its right-hand side was written in a form with a "lagging" argument and its
computation requires the availability of data on cloud cover only for the
times which have elapsed (that 1s, cloud cover need not be predicted).

. Since our objective is a determination of the asynchronous influence func-
tion :Xg, therefore, assuming that in equation (13) the functions T, Vg s vy
and N, are known, and X J are to be found, we denote its right-hand side

by FA(H, \) and rewrite it in the following form:

YN T=Fe
r
Hence the asynchronous influence functions )Lg can be determined by differ-

1 ent methods. However, it seems that in this case the spectral method is the
most natural. In this case the problem essentially involves solution of a
system of linear algebraic equations for the expansion coefficients of the
sought-for functions [5].

The degree of practical applicability of the asynchronous influence func-
tions determined in this way can be judged only after carrying out exten-

sive diagnostic and prognostic experiments during which there should also
be a study of the nature of the temporal variability of these functions.

11
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Using the proposed method for parameterization of the oceanic thermal mem-
ory it is evidently impossible to study atmospheric-oceanic processes

with any detail. However, we hope that on the basis of such parameterization
it will be possible, in a rough approximation, to describe the principal
large-scale processes of the thermal effect of the ocean on the atmosphere
during the cold half of the year.
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UDC 551.(58+576.2) (100)
ZONAL DISTRIBUTION OF CLOUD COVER OVER THE EARTH
Moscow METEOROLOGIYA I GILDROLOGIYA in Russian No 3, Mar 80 pp 15-23

[Article by Doctor of Geographical Sciences T. G. Berlyand, Candidate of
Geographical Sciences L. A. Strokina and L. Ye. Greshnikova, Main Geophys-
ical Observatory, submitted for publication 11 September 1979]

Abstract: A study was made of the latitudinal
distribution of the quantity of clouds on the
basis of new global monthly maps of cloud cover
compiled on the basis of data from the world
network of meteorological stations. It is shown
that in both hemispheres the mean quantity of
clouds over the oceans 1s greater than over

the land (by approximately one-tenth). The
monthly quantity of clouds for the earth as

a whole is virtually constant, regardless of
season of the year. The results are compared
with similar data from earlier studies made

for climatological generalization of cloud
cover distribution.

[Text] Status of problem and data used. The study of characteristics of
the global cloud cover regime is now attracting considerable attention
in comnection with work on estimating the earth's energy balance, model-
ing of climate and its changes and also solution of many other timely
problems of a scientific aand practical nature,

One of the first climatological generalizations of cloud cover data was
made by Brooks, who in 1927, on the basis of a relatively limited volume
of observational data obtained the zonal distribution of the quantity of
clouds over the oceans, land and the earth's surface as a whole [9]. Af-
ter this study the zonal characteristics of cloud cover were virtually
not investigated for a long time. Only after three decades did K. Tele-
gadas and J. London [10] compute the zonal values of the quantity of
clouds over the northern hemisphere for two months (April, October) and
two seasons (winter, summer). In characterizing cloud cover over the
oceans they employed data from the atlas of climatic maps of the oceans

13
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prepared by McDonald [12]. The results of these studies have found use in
a number of climatological investigations, in particular, devoted to the
modeling of climate.

During the last 10-15 vears the volume of cloud cover information has in-
creased considerably as a result of the increasing series of observatioms,
the implementation of international geophysical programs, determining the
expansion of the ground network of stations in poorly studied regions, and
also the launching of meteorological earth satellites. This facilitated
the further study of the patterns of spatial-temporal distribution of
cloud cover.

Using data from two years of observations from a satellite (1965~1966), J.
Sadler [14] obtained the zonal distribution of the quantity of clouds for
the tropical zonme (30°N-30°S).

H. van Loon [18] used both ground and satellite information on cloud cover.
On the basis of a generalization of [9, 14 and others] he investigated the
characteristics of the latitudinal distribution of the quantity of clouds
in the southern hemisphere for January and July.

In the fundamental publication ATLAS OF THE OCEANS [2], recently published
in the USSR, there 1s a series of monthly cloud cover maps of the Pacific,
Atlantic and Indian Oceans. They were compiled using data from regular and
expeditionary observations on ships over a long period of time (from the

end of the last century through 1965~1970).

Z. M. Makhover and L. A. Nudel'man [1] prepared an atlas containing a con-
siderable number of different climatic characteristics of cloud cover for
the southern hemisphere. In the course of preparation of the atlas maps
they generalized for all months of the year an extensive volume of daily
data from ground observations for a five-year period (1967-1972).

Data on the distribution of the quantity of clouds over the earth's surface,
except for the equatorial zone (13°N-5°S), are cited in studies by C. Shutz
and W. Gates [15, 16]. They were prepared for the purpose of obtaining init-
ial material for investigations for the modeling of climate. As the charac-
teristics of the cloud cover regime in the northern hemisphere the authors
used the results of surface and satellite observations. The latter were
made only at two times (midday and midnight). For the southern hemisphere
the data were taken from the mentioned study by van Loon [18]. They also
drew upon the results of generalization of a four-year series of observa-
tions (1967-1970) from a satellite, taken from the atlas published by D.
Miller [13], relating only to the interval 1400-1600 hours local solar

time and characterized the cloud cover conditions for a limited part of

the day.

The use of inadequately uniform observational data on cloud cover from the
point of view of methods for collecting information concerning it, the ob-
servations made once or twice during the day and the relatively short (not

14
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- always corresponding to climatological requirements) observation periods
—- all this could not but exert an influence on the accuracy of the values
and completeness of the characteristics in the above-mentioned studies.

World monthly maps of the distribution of the total quantity of clouds based
on more uniform material, covering a long period of observations, were com~
piled by T. G. Berlyand and L. A. Strokina. Some of these maps were publish-~
ed in 1975 [3]. The initial data used in their compilation was the informa-
tion included in. numerous handbooks, monographs, atlases, monthly summaries
and yearbooks published by the meteorological services of different coun-
tries. The results of modern investigations of the cloud cover regime
in individual regions of the earth were also taken into account [4, 5, 7,
8, 17, 19] in this investigation. In the course of analysis of the various
_ initial data, in addition to surface data, use was made of data from sat-
ellite observations of cloud cover [6, 13, 14]. In compiling monthly maps
of the quantity of clouds on the continents the authors of [3] used data
for about 3,500 points, of which 950 were for Europe, 1,150 for Asia, 450
for Africa, 300 for North America, 460 for Central and South America, 140
for Australia and Oceania and 30 for Antarctica (we note that in the men-
_ tioned study by Brooks data for a total of 1,000 stations were used for
compiling such maps [9]). At most stations the observation periods exceed-
ed 30 years, whereas for stations situated in the low latitudes -- from 15
to 20 years. The distribution of cloud cover over the oceans was determin-
ed for the most part using data from the MARINE CLIMATIC ATLAS [17], which
contains data on the probability of the total quantity of clouds for indi-
vidual regions characterizing the principal climatic regions of the oceans.
For the area of the Atlantic Ocean the initial values were given for 93
regions, for the Pacific Ocean -- for 111 regions, for the Indian Ocean --—
for 48 regions.

This article is devoted to a further development of [3]. In that paper, on
the basis of data taken from new world monthly maps, the authors computed
the zonal values of the quantity of clouds for the continents, oceans and
the earth's surface as a whole.

Computation of Zonal Characteristics of Cloud Cover

The mean latitudinal cloud quantities were determined by averaging the val-
ues for 35 circles of latitude ¥4 = 10, 5, 10, 15,...,85° with a longitude
interval 5°. A total of more than 30,000 values were taken from all the
monthly maps; these characterize the quantity of clouds at the intersec~—
tions in a regular 5° grid.

The mean value for a 10° i-th latitude zone, taking the oceans and contin-
ents separately into account, was determined using the formula
i Nl-S N, NH—S
0.5 cosy;_g Y st oS¢ Y nyy+0,5 cosgy g Y Mt
ot i i . I
0,5N;_gcosg,_g5+ N;cosg; + 0,5 Nips cosgg ’
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where ny4 is the quantity of clouds at the j-th pnint of intersection of
a regular grid at the circle of latitude %4; Ny is the number of points
of grid intersection at the circle Py, the subscript 1 = +0, 5, 10,...,
85.

The zonal value of the quantity of clouds over the earth's surface was com-
puted as the mean weighted value of the corresponding data for the oceans
and continents, taking into account the areas of the latter. The results
are given in tables accompanying the paper. The data in the table make it
possible, more completely than up to this time, to ascertain the peculiar-
ities of the latitudinal and annual variation of the quantity of clouds.
over the earth's surface.

Tables 1 and 2 give the annual variation of the zonal values of cloud cover
in tenths over the land, oceans and for the earth as a whole respectively.
Table 3 contains data on the mean monthly quantity of clouds for individ-
ual continents and individual oceans.

Analytical Results

Table 1 indicates that during the course of the year both for the land and
for the oceans in both hemispheres an identical latitudinal variation in
the quantity of clouds with maxima in the temperate and equatorial lati-
tudes and minima in the tropics is characteristic. The difference between
the extremal values sometimes exceeds 3/10. The position of the maximum and
minimum values does not remain constant during the course of the year. In
each hemisphere during the warm half-year they shift in direction toward
the higher latitudes; during the cold season the shift is toward the low
latitudes. This shift is quite great, being 10-15° in latitude. The great-
est withdrawal of the maxima of the quantity of clouds in the direction
from the equator to the north is observed in the period from May through
September; in the opposite direction -- from November through March. Twice
a year (April, October) the extrema are situated in both hemispheres al-
most symmetrically relative to the equator.

The results of this analysis of the mean monthly cloud quantities for each
of the 10° zones for the most part show that during the course of the year
there is one maximum and one minimum. A maximum in the warm season and a
minimum in the cold season is the most commonly observed type of annual
variation. It is characteristic of latitude zones situated above 50° in
both hemispheres; with advance toward the poles there is an increase in
the annual amplitude. The amplitude attains its maximum values (4/10)

over the north pole; this amplitude is twice as great as over the sout®
pole.

The noted type of annual variation is also characteristic of the equatorial
zone (20°N-20°S), where the annual amplitude is about 3/10 over the land
and 1/10 over the oceans.
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Fig. 1. Zonal distribution of cloud quantities according to data from dif-
ferent authors, a) January; b) July; 1) C. Brooks; 2) J. London; 3) J. Sad-

- ler; 4) H. ve. Loon; 5) C. Shutz and W. Gates; 6) Z. M, Makhover and L. A.
Nudel 'man; 7) T. G. Berlyand, L. A. Strokina and L. Ye. Greshnikova
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KEY TO TABLE 1

1. Latitude 5. Southern hemisphere
_ 2. N 6. Land as a whole
- 3. S 7. Over land
4, Northern hemisphere 8. Over oceans
9

. Year

Table 2

Annual Variation of Zonal Cloud Quantities Over Earth's Surface

Hinpora 1 I wlw] vyvepvavin| 1IX| X XI | XIl {Toa
1 2.
90°c|4,9]48]55]5517,7/89(921921901(7,9 ti.O 5,317,0
90--80 3| 5,3 52153(57(7,7(8,5187]90/88/8016,2 9,417,0
80—70 5,908 (6,661 (7,5]78(7,9]80}83 7,0 6,715,8146,0
70—60 6.5163162164(7,2]73[7317.4]17.9 7'5 7,016,717,0
60—50 69167{67170]|7,8{7,3{73]72}72,73]7,3{7,117,1
50—40 6,666166(6,8]6,8{66[06,3[6,0]58]|K01]6,5 6,716,4
- 40—30 59159159]58(57]54]51]48}47]5,0 S,Q 5,715,4
30--20 4514814714,7{4,7[49]51[49]4614,5[4,6]4,814.8
20—10 481461471501({52(57]62]6,1]3,9}5,4 5,014,915,3
10--0 57156(58]06,1[62(64]64163]/6,2}6,0 58(5716,0
0—10° 0| 6.2 | 6,1 { 6,0 | 5,9 15,6(5,3|52}535757]6.0/6,1|5,8
10—20 595715715349 4,6|48([50]5.2 :)G ;_;,8 5,6 8,3
20--30 415315381534152!50[4,9]50([4952155]5,5/6,415,2
30—40 58|57158|58({60{60)593585]61]62]59158!5,9
40—50 6,917016917,017,217,117,0 §,‘J Z.l 7,17,1 7,] 7,0
50—60 8418281181 (7917,8|78[7,717,6 8.0 8,'4 8,3 §,0
60—70 8,8 84(81179176(73]757,6 ’(,:J S,Q S,.’, 3,2 /‘,9
7080 6,8{681/638}163]55(54|54]60]6116,0 6,3 (_),f_i 6,2
80—90 5410.715914,5]4,2]4,1139]50]50[50]54(15715,0
90° 10.! 5,0 6145311263031 [35)45]52[4,0]49]}4,0
55311';'5’1:'10;1@ 571561561 5,8 0]6,2(62]6,116,0{59(58]58]59
B 10to0c N
6 no?:‘;'luolgpnc 6516,1163(6,2/6,0/38[59(59]6,1}6,3{6,4]6,4]6,2
3emas 8 . . LN N
7 uciov 6.1 ]6.01€60]6,0]6016,0](6,0160;60]6,116.116.116.0
KEY:
1. Latitude 5. Northern hemisphere
2. Year 6. Southern hemisphere
3. N 7. Earth as a whole
4. S

The remaining latitude zones are characterized by a different type of an-
nual variation. A winter maximum or an autumn minimum is characteristic of
this type. In this case the annual amplitude for the land and oceans is
1-1 1/2 and 1/2-1 tenth respectively.

The cloud quantities averaged by hemispheres for both continental and ucean
ic conditions reflect the patterns of the first of the mentioned types of
annual. variation. The annual amplitude for the land and ocean in the

19

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

northern hemisphere varies about 1/2 tenth, whereas the amplitude for the
land in the southern hemisphere is three times greater. The latter circum-
stance is attributable to the peculiarities of distribution of the land in
this hemisphere and the corresponding effect of equatorial monsoons with
well-expressed intra-annual cloud cover variations.

Table 2

Mean Monthly Cloud Quantities for Continents and Oceans

P IvEV EVEIVIEIVIREIX ] X EPXT X Foa 1
- 2 KoHrunenru
2 Adpnka 4,414,414,414,414,113,914,214,5(4,6]4,5[4,514,2] 4,3
Asna 4,9(5,005,2|5.7]5.7{5.7|5,7{5,6/5.414,9(4,9(5,0| 5.3
g Oxuan Amepuka 6,4/6,4(6,516,2|6,0{6,4]5,015,2{5,715,9{6,215,9]5,9
Cenepnant. AMcpifka 5,815,715,515,5{6,1]16,1(6,0,6,016,116,1(5,2{6,0; 5,9
7 AncTpanns 4715,0[4,714,314,314,313,913,5{3,514,114,314,8}1 4,3
8  Espona 7,2{7.0/6,7/6,4]6,315.915.5|5,6/6,016,917,717,6] 6,6
9 AHTapKTH 1A 6,116,216,3]5,7]4,9{4,814,715,5{5,8/5,8{5,716,0{ 5,6
10 Oxeann '
11 Jleponutisit 5.005,705,716,217.6/7,918,0(8,4]5,4/5.0{6,7{6,0] 7,0
12  ATsanTtHicckyil 6,2{6,015,916,0(6,0]6.0{6,0[5.9]6,0{6,3{6.4]6,2] 6.1
13 Tuxna 6,516,416,4[6,516,4{6,6/6,6[6,5[6,7]6.5{6,4{6,5| 6,5
14  Mnnuitcruii 6,316,2(6,2({6,0{G,116,1]6,2{6,2]16,0{6,2,6,3]6,3]| G,2
KEY:
1. Year 8. Europe
_ 2, Continents 9. Antarctica
3. Africa 10. Oceans
4, Asia 11, Arctic
5. South America 12, Atlantic
6. North America : 13. Pacific
7. Australia 14. Indian

In a comparison of the mean annual cloud quantities relating to both hemi-
spheres one can see some predominance of cloud cover over the land in the
northern hemisphere in comparison with the southern hemisphere.

The relationship of the considered value over the ocean has a different
character. It is somewhat greater in the southern hemisphere.

It i8 of interest to ascertain the zonal distribution of cloud cover over
the oceans on the basis of the independent material given in [2]. For this

purpose use was made of the method described above for the averaging of
the quantity of clouds by 10° latitude zones and for the hemispheres
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as a whole. The results confirmed the conclusions drawn above.

On the basis of the data in Table 2 it can be concluded that the quantity
of clouds over the earth's surface in general in the course of the year

h remains virtually constant and is about 6/10. It should be noted that this
value characterizes the cloud cover regime during daylight, since in the
overwhelming number of countries observations are not made at nighttime.
(In order to ensure the uniformity of all the initial material in this
study we have not included data for nighttime for the few countries for
which such data are available), Taking into account the tendency to a de-
crease in cloud cover at nighttime, it can be postulated that the various
mean daily cloud cover quantities over the earth, with nighttime data
taken into account, can be somewhat less than the value obtained and are
in the range from 5/10 to 6/10.

According to Table 3, the annual variation is most clearly expressed over
continents which are situated entirely in the northern or southern hemi-
spheres. Over these continents, except for Europe, there is an apprec-
iable increase in the quantity of clouds during the summer months in the
corresponding hemispheres, whereas during winter periods, on the other
hand, a decrease is observed. As was demonstrated above, such a type of
annual variation of the quantity of clouds is characteristic for most
latitude zones.

The singularity of the conditions for the formation of a cloud cover over
Europe (increase in the quantity of clouds in the cold half-year in compar-
ison with the warm half-year) is determined by the influence of cyclonic
activity over the Atlantic Ocean. It is precisely this influence which ex-
plains the fact that among all the continents the greatest quantity of
clouds 1s observed over Europe.

The annual variation of cloud cover for the African continent, situated in
both hemispheres, is expressed considerably more weakly than over the re-
maining continents. Africa and Australia are the least cloudy continents.

Since the conditions for the formation of clouds are more uniform over the
oceans than over the continents, the differences in the annual variation
of the quantity of clouds over individual oceans, except for the Arctic
basin, are small. Over the Arctic Ocean the quantities of clouds during
the summer and autumn seasons are much greater than in winter and spring.
As a result, as an average for the year it is the cloudiest region of the
world ocean.

It is of interest to compare the collected data on the zonal distribution of
the quantity of clouds with similar data published by other authors.

. Figure 1 shows the zonal distribution of the quantity of clouds for the

earth 3s a whole for January and July on the basis of data in this -~
ticle, data from other investigationms [1, 9, 14, 15, 16, 18], and alsu
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the data in [10] for the northern hemisphere, winter and summer, since
in [10] there 1s no information on the zonal distribution of the quan-
tity of clouds for January and July. All the values have been reduced
to a 10/10 scale.

An analysis of the curves shown in the figure shows that the distribu-
tion of the considered value, obtained by individual authors, in general i
is in agreement. However, there are discrepancles between the absolute
values which car exceed 1/10. We note the lower (in comparison with the
- remaining values) quantities of clouds obtained on the basis of data
from surface observations in the studies by Brooks and London [9, 10]. A
rather close coincidence of the latitudinal variation curves is noted
for the extratropical latitudes of the southern hemisphere. The virtual
coincidence of the data published by C. Shutz and W. Gates with the data
published by Van Loon is attributable to the fact that Gates and London
used for the most part the results obtained by Van Loon as their initial
- data in characterizing the southern hemisphere.

The lower values obtained in [14-16, 18], in comparison with ours, are

possibly associated with the difference in determining cloud cover on

the basis of satellite and surface observations. The satellite data,

used for the most part in [14-16], do not always make possible a suf-

ficiently reliable estimate of the quantity of clouds over some types

of underlying surface having a high reflectivity (ice, snow, desert),

which leads to an understatement of the actual quantity of clouds. Omn

the other hand, the surface observations, which we used for the most

part, give some exaggeration of this value because the lateral surfaces

of cloud elements also fall in the observer's field of view. The discrep- !

ancy in the data of a number of authors plotted in the figure is also !

_ attributable to their use of short and inadequately uniform observation j
series.

Summary

The results presented in this study make it possible to draw a number of
- conclusions concerning the characteristics of the cloud cover regime over
- the earth:

-- the zonal distribution of the quantity of clouds both over the land

and over the oceans in both hemispheres is identical and is characterized

by the presence of maxima situated in the temperate and equatorial lati-
- tudes, whereas the minima are situated in the tropical latitudes;

-~ during the course of the year the maxima and minima are dispaced in

each hemisphere by 10-15° in latitude in the direction of the higher lat-

{tudes in the warm half-year and toward the low latitudes during the cold ;

half-year; |

~- 1in the majority of the latitude zones there is a fundamental predomin-

ance of the quantity of clouds over the oceans in comparison with the

land on the average by 1/10;
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-- the most widespread type of annual variation of the quantity of
clouds (zones 20°N - 20°S and above 50° in both hemispheres) is charac-
terized by the onset of a maximum during the warm season of the year and
a minimum in the cold half-year; )

-- the quantity of clouds over the earth's surface as a whole virtually
does not change during the course of the year.

The results obtained on the zonal distribution of the quantity of clouds
in the annual cycle for the conditions of the continents, ocean and the
surface of the earth as a whole, based on a generalization of a great
volume of modern information on cloud cover, can find a broad range of
application.

The authors express appreciation to L. S. Vysotskaya, who carried out a
considerable volume of computations for preparing the tables.
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DETERMINATIONS OF THE MASS CONCENTRATION OF AEROSOLS IN THE PLUMES OF
INDUSTRIAL PLANTS USING A LIDAR

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 24-32

[Article by Candidates of Technical Sciences I. M. Nazarov and Sh. D. Frid-
man, Candidate of Physical and Mathematical Sciences V. I. Rozhdestvenskiy
and V. F. Zhuravlev, Institute of Applied Geophysics, submitted for public-
ation 26 July 1979]

Abstract: This paper gives the results of a
lidar investigation of aerosols emanating from
metallurgical combines. The authors propose a
new method for processing data from lidar sound~
ing. The aerosol microstructure is determined
using a parametric model of the polydisperse
scattering function, obtained by an analytical
integration of a Fredholm equation of the first
kind. The approximated Mie function, taking
into account the real refractive index, is

used as the kernel of this equation. There

is a satisfactory agreement between the mass
concentrations of aerosols in the plume deter-
mined using laser sounding and data from direct
sanpling of aerosvls from an airecraft.

[Text] Introduction. One of the aspects of the problem of monitoring of con-
taminants and preservation of the environment is an investigation and evalu-
ation of the mass concentration of aerosol emanating from the stacks of in-
dustrial plants. This problem can be solved by different methods: by sampl-
ing, by monitoring production processes, and by the remote method of lidar
sounding of the plume [7].

This paper gives the results of an experiment for investigating the aero-
sols emitted by a large metallurgical combine. The experiment was made using
remote laser sounding of the plume and also by direct sampling of aerosols
from an aircraft. A method is proposed for processing data from laser sound--
ing for determining the mass concentration and distribution of aerosols in
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the plume, based on an analytical solution of a Fredholm equation of the
first kind. A comparison of data on the mass concentration obtained using

a lidar and by direct sampling is given. It is shown that for investigating
such rapidly transpiring processes of propagation of contaminants as plumes
1idar sounding makes it possible to determine the spatial-temporal varia-
tions of aerosols and thus merits broad application for the monitoring of
contaminants due to its operational properties and mobility.

Concise Information on Measuring Instruments and Work Method. Determination
of Volume Scattering Coefficient

Sounding was with a two-frequency lidar with an Al-Na garnet laser emitting
wavelengths A = 1.06pim and A= 0.5324n, with a receiving antenna design-
ed using a Cassegrainian scheme with a diameter of the large dish 0.26 m.
- The pulse power at a wavelength 0.532pm was 0.2-1.0 MW; the radiation pulse
duration was 7-20 nsec; beam divergence was 30'. The time required for shift-
= ing from one wavelength to another was 1-1.5 minute. The received signal was
registered using an oscillograph with subsequent photographing of the pulse
shape. At the same time, using the RDV instrument there was continuous meas-
urement of the meteorological range of visibility, a knowledge of which made
it possible to take into account the attenuation of the signal on the sound-
ing path using the formula V = 3.0/8 (A, z). The data masses were obtained
. as the means of a series of signals at one wavelength from one and the same
i sounding volume. Sounding at one wavelength at a distance up to 3 km with
150-m intervals requires 4-5 minutes. The switching to another wavelength
is accomplished in one minute. A lidar mounted on a ZIL-157 truck was set
up at a distance of 2 km from the mouth of the stack. The geometry of the
experiment 1s shown in Fig. 1. The depth of penetration of the signal into
the plume, depending on the density of the plume, varied from 30-40 m to 200-
250 m. The transverse dimensions of the plume at a distance of 2 km from the
mouth attained 300 m.
Table 1

Results of Microphysical Measurements of Samples

Element r }*m o
Zinc 0.32 5

Iron 0.60 1.8
Nickel 0.45 1.5
Copper 0.65 1.9

Simultaneously with laser sounding an aircraft was employed in sampling the
aerosol in the plume. For this purpose the aircraft flew at different alti-
tudes along horizontal paths across the plume (Fig. 1). The sampling was ac-~
complished using three-layer filters with a linear velocity of the air flow
1.7-1.9 m/sec. After ending the sampling each layer of the filter was ana-
lyzed for its dust content and the atomic absorption method was employed for
determining the content of zinc, iron, nickel and copper. The background
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content of the mentioned ingredients was separately determined using an un-
exposed filter. Next, at the Scientific Research Physicochemistry Institute
imeni L. Ya. Karpov specialists used the method developed by V. I. Skito-
vich to determine the fractional composition of the aerosol samples: median
particle radius r and standard geometrical deviation O on the assumption
of a iog-normal distribution. The collected data are given in Table 1. The
volumgtric dust concentration, according to aircraft sampling, was 100430

rlg/m .

Kowbinzm &4

Fig. 1. Geometry of experiment.

KEY:
1. Plume
2. Lidar
- 3. Aircraft path
4, Combine

The characteristic appearance of the echo signal received from the plume at
a distance of 800 m from the stack mouth is shown in Fig. 2. Calculation

of the volumetric scattering coefficient profile with depth of penetration
of the sounding pulse into the plume was accomplished using the symptotic
signal method [5]. The echo signal oscillogram has a smooth character with
one maximum. The volumetric scattering coefficient also increases smoothly
from 6.2:10~5 to 2.5-10~2 p-1, Figure 3 gives examples of the scattering co-
efficients for two wavelengths. It is easy to see from these figures that

8 high gradient of the scattering coefficient is observed in the first 25 m
of penetration into the plume; the value of the scattering coefficient
changes by 2-4 orders of magnitude. This is indicative of the exceptional
variability of the microstructure of smoke plumes, that is, one must speak
only of estimates of the aerosol parameters.
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- Fig. 2. Profile of echo signal from plume at distance of 800 m from mouth of
stack. 1977, :

For the power of the registered signal P(z), scattered by the aerosols in
the plume, on the assumption of single scattering we can write

{ 2z,
P(z)=P,z%Aq, expj—? fp(z) dz}, , )

2y

where Py 1is the initial pulse power, A is the recelver instrument function,
z is the distance to the scattering volume, O is the inverse scattering in-
dicatrix, 1 is the optical thickness P :
=2 S‘,’ﬁ(z) dz,
7
- ,B(z) is the volumetric scattering coefficient -- the sought-for parameter
in the laser sounding of aerosols.

The solution of the laser sounding equation (1) by the asymptotic signal
method makes it possible with an accuracy 10% to determine the /(z) value
under the condition of a constancy of the inverse scattering indicatrix along
the entire sounding path }3.“—(2) = const and in the presence of an echo signal
from a great optical thickness, for example, 7 = 2. In this case the strength
of the back-scattered signal received by the lidar receiving antenna, related
to atmospheric parameters and expressed through the instrument functions at
the photomultiplier output, has the form
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PySs, M
P(2) = ¥
K exp-{—2 3 (2) 2}, 2)

[ = pulse] where s is the effective antenna area, ¢ 1s the speed of light,
'ipulse is pulse duration.

BM
w0
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/4
10’} 2T
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Fig. 3. Dependence of the volumetric scattering coefficient on depth of pen-
etration. a) for a case monitored by an aircraft, b) for an unmonitored case.

It can be seen that this equation contains the two unknown parameters O and
A (z). For an unambiguous determination of each of them we used additional
information on the meteorological range of visibility, obtained using the
RDV-2 instrument. The scattering coefficients carry information on the rass
concentration, size, distribution and composition of aerosols present in the
plume.
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Method for Evaluating the Microstructure of Aerosols Using Data from
Laser Sounding

The extraction of data on the microstructure of aerosols on the basis of
their optical properties involves the solution of a certain incorrectly
formulated problem in mathematical physics. Existing methods for solution
of the inverse problem in atmospheric optics essentially involve solution
of Fredholm equations of the first kind. They have not been brought into
routine use; the literature contains only a few examples of processed ex-
perimental data [1, 3]. Therefore, in actual practice, instead of solu-
tion of this problem in each specific case it is common to use calibra-
tion by contact methods, carried out simultaneously with laser sounding
[2]. However, these measures are time-consuming and can give considerable
errors, especially when there is a noncoincidence of the site of sampling
and the volume of laser sounding. Below we will give a method fer solv-
ing the inverse problem, making it possible to carry out routine process-
ing of the results of laser sounding. The proposed method for solving the
integral equation is a mathematical modeling method.

The volume scattering coefficient is related to the microstructure of an
aerosol by a Fredholm equation of the first kind

4]
. n={=r Kk [ ar, (3)

n
where K(r, A, n) 1is the kernel of an equation known from the Mie theory,
f(r) 1is the particle-size distribution function, requiring determination
in this problem, r is the radius of the aerosol on the assumption of
spherical particles, n is the refractive index of particles, A is radia-
tion wavelength,

A parametric model of the polydisperse scattering coefficient was obtained
by analytical integration of equation (3). As the kernel K(r, A, n) we
used the Mie approximation function [8]:
1 as \2 2 ot — 1A
Ky (p, n)=— K (%) t —) (l + = —qap ),

n—1i nv

)
K(r, 1, ny= P<Fn

n-~-] .
K (6, u):ﬂﬁ"—,f\'m+2[1—,f”,l-rﬁtvz—l)e wa
6> Ppy

where K(f>) is the Van de Hulst function.

iow P
sin? =
£

K=o 1230y 7 |
(5]
4x (n 1) r

p=— is a dimensionless parameter,

30

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

FOR OFFICIAL USE ONLY

I,OS;' n<l1,5; ) el
5; R

Jm = {LOO;11>1.

This function 1is correct for any real values of the refractive index of
particles. The mean approximation error is 4% for a refractive index 1.5.
Failure to take absorption into account in K(£, n) gives errors of a few
percent for polydisperse media. The particle size function was stipulated
in the form of a three-parameter gamma function

f@)=Brrew (x> =1y b= tEL 5

which with a broad change in the b and jt parameters describes well the
diverse spectra of particles observed in the atmosphere, With (4) and (5)
taken into account, the expression of the scattering function for the
adopted model has the form [6]

Ty l('\"+l) sin ([L+2) Qo + (6)

- AN | (n+1 2 N w3
pw) = ’;’ 1(.* k )2(u+ Ly y
(t+y)*

+V T cos (s +1) ¢1]+ 2 b D +2) %

X[l— n 1’;-—' ],

|

—

E)
+

Wt

An analytical model of the volume scattering coefficient (6) can be used
in determining the mass concentration and parameters of an aerosol in
the interpretation of data from laser sounding. It makes it possible to
reduce the problem of determining the microstructure of an aerosol to
the optimization problem in parameter space by means of minimizing the
functional

—A S
Fw, r, N)‘_'Z {8 O 2)“3; (", o))
i=1

constituting the sum of the squares of nonclosures of the differences in
the measured values of the scattering coefficients and the corresponding
values in the model. In principle, for determining the four parameters
of the distribution it is necessary to know the measured scattering co-~
efficients at four wavelengths. However, taking into account that the
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variations of the refractive index in the range from 1.3 to 1.7 lead to

a change in the scattering coefficients B (A) by not more than 10-15%
{10], with an accuracy in measuring B (A, z) of 20% the value of the
refractive index can be selected taking into account the specific condi-
tions of the investigated object, additional measurements of composi-
tion or taken as a mean. In other words, with a fixed value of the re-
fractive index in determining the aeroscl parameters it is possible to
limit ourselves to three wavelengths. Having specific experimental data
on B( A, z), using an electronic computer we obtain the numerical values
of the selected B8 (A) model. The end result of the calculations is
evaluations of the model parameters with a stipulated accuracy, deter-
mined by the sum of the squares of the difference in the values of the
rarameters in two successive iterations. With a fixed value of the re-
fractive index n, the accuracy of the method gives an error in determin-
ing the parameters of 3-~5% [10]. An assumption concerning the particle-
size distribution function does not limit_the possibilities of the model
employed because using the variations of r and ¢ it is possible to obtain
the most diverse particle distribution spectra. In order to obtain multi-
modal spectra it is necessary to have measurements at a great number of
wavelengths.

Analysis of Inversion Results

Due to the fact that two wavelengths were used in our experiment in sound-
ing the plume, our method makes it possible to determine two parameters

of the model. In this case the most interesting parameters of the plume
should be the mean particle size and the numerical concentration. Precise-
ly these parameters were determined in this experiment. Two other para-
meters — distribution width W and the refractive index of particles n --
were selected from the accompanying samplings. The results of the samplings
cited in Table 1, on the basis of the dispersion value, made it possible
to assume that the investigated aerosols have a quite broad size spectrum
and therefore the & value should be selected equal to 0 or 2. The value

of the real part of the refractive index for particles of zinc, iron and
copper, according to the Ivlev model [4] and cited in the book by Van de
Hulst, can vary in the range 1.40-1.47. As mentioned above, such changes
in n cannot introduce significant errors into the determination of mass
concentration.

In addition, for work with the optimum parameterization method using an
electronic computer it is necessary to select two initial points contain-
ing the surmised sought-for parameters X, n, the mean particle size r,
numerical N or mass M = N§ 4/371r3 concentration, where § is aerosol den-
sity. In our experiment these data were also taken from microphysical
measurements. We note that in principle we can select any reasonable val-
ues of the parameters as the initial points. Their choice influences only
the convergence of the problem when seeking the minimum of the F function
and the expenditure of computer time. In order to stipulate these points
it i8 not at all mandatory to carry out simultaneous microphysical meas-
urements, but with the availability of the latter the choice of initial
points is simplified.
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Thus, as a result of inversion of equation (3) by the optimum parameteriza-
tion method we obtained evaluations of model parameters as indicated in
Table 2.

Table 2

Evaluation of Aerosol Parameters by Optimum Parameterization Method

7 ) m n Takn | N oen=s M a3 A My
pu ,L‘x/m-
2,0 1,40 0,20 5,0.107 32 90
0 1,47 0,50 3,7-107 74 40
2,0 1,44 0,58 5,7-107 98,5 20

Table 3
) Values of Volume Scattering Coefficients and Aerosol Parameters for Pure
Atmosphere
- [Tapawmer- -
. ~1| pbl pac- i
A aMn [B(A, 2) cu~! npeneae- 3 :
1 HHR = N
0,532 4.10-6 =022 | 790 | 10
0,694 3-10-¢ n=2,0
1,064 1,7-10-¢ n=133
0532 | 2,1-10-% | 7=0,20 | 830 | 20
0,694 1,5-10-6 n=2,0
1,064 7-10-7 n=1,33

KEY:
- 1. fm
2. Distribution parameters

The magnitude of the error in determining the mass concentration A M (with
a density § = 2 g/cm3) was determined from the minimum nonclosure AF,
which characterizes the minimum deviation of our model ﬁ (A) from the
set of experimental data.

The mean radius of the particles falls in the region 0.3—0.6,.lm and varies
in dependence on the spectral variation of the scattering coefficient [2].
The concentration was_equal to 5-10/ cm™3. The mass concentration with a

50% error was 75}Lg/m3, which corresponds to data from the sampling. Table
2 shows that the parameters most sensitive to variations of experimental
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data are N and the mean size of particles, and hence, to a high degree,
also the mass concentration. Such high errors in determining M are at-
tributable to this circumstance. For example, the inversion of the

volume scattering coefficients (Fig. 3) for a case when there were ac-
companying .aircraft samplings with stipulated values pt= 0, n = 1.47 made
it possible to obtain r = 0.5pm and a value of the mass concentration M
= 74}Lg/m3. The minimum value of the mass concentration, corresponding

to the background value B(A, z) = 5:107% cm-l, is 2.6-10"2 pg/m3,
whereas the concentration N is 1.3-10% com 3. The maximum M value is 400
y-g/m3/m3 and was observed with }9(2) = 9.0 cm~l. The computed value of
the scattering coefficient in the model for the assumed particle distrib-
ution with N = 1 cw3 1is )3(2) = 3,77.10-8 em~141.5-10" en~l. The accur-
acy in determining the mass concentration in this case is 40%.

puf sz
"
70 A 103
1}
140'7 .
e 1 1 ' 1 J
530 3760 %0 757 2

Fig. 4. Dependence of the volume scattering coefficient on depth of pene-
tration.

Similar computations were made for other series of laser sounding of the
plume; these are shown in Fig. 4. The mean values of the distribution
and mass concentration parameters for these series are given in Table 2.

As an illustration of the method described above we will give an example
of inversion of the results of three~frequency laser sounding of the free
atmosphere at Leningrad carried out in 1978. In this experiment we used
an Al-Na garnet laser (A= 1.06im and 0.532pm) and a ruby laser A=
0.69pr m) with a common receiving antenna designed in a Cassegrainian sys-
tem with a diameter of the large mirror 0.26 m. Table 3 gives data on the
composition of aerosol obtained with values of the meteorological range
of visibility 10 and 20 km.
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The refraction coefficient for the pure atmosphere was assumed equal to
1.33. The use of three sounding wavelengths made it possible to evaluate
three aerosol parameters. The n value was stipulated, taking the experi-
mental conditions into account. The determined values of the concentration
N are in agreement with data in the literature for the free atmosphere
[10].

Conclusion

The results of this investigation of aerosol in smoke plumes using two-fre-
quency laser sounding and the employed method for inversion of the volume
scattering coefficients indicated that the mass concentration of particles
obtained by this method agrees well with the results of sampling. This
confirms the considerable possibilities of remote sensing and monitoring
of smoke plumes using laser techniques. In the case of three-frequency
sounding the mass concentration can be obtained in the absence of ac-
companying microphysical measurements. Two-frequency sounding also can be
used without accompanying microphysical measurements if the element com-
position of the effluent is known.

With an increase in the number of sounding frequencies the method describ-
ed here makes it possible to obtain multimodal aerosol distribution spec-
tra.

Taking into account that enterprises of the same class give close spectra
of aerosol particles in effluent, for solution of typical problems in mon-
itoring effluent it is sufficient to obtain statistically representative
characteristics of effluent for individual branches of industry. This

will make it possible to organize remote routine monitoring of effluent by
means of laser systems.
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UDC 551.509.616

CHANGE IN MICROSTRUCTURE OF STRATIFORM CLOUDS UNDER INFLUENCE OF
CONDENSATION NUCLEI

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 33-38

[Article by K. B. Yudin, Institute of Experimental Meteorology, submitted
for publication 19 July 1979]

Abstract: The article gives the results of field
experiments for the modification of warm strati-
form cloud cover by artificial hygroscopic con-
densation nuclei. The author gives some charac-
teristics of a modified cloud medium and describes
the nature of restructuring of the spectrum of
cloud element sizes as a result of modification.

[Text] The problem of artificial modification of warm clouds and fogs

is of great scientific and practical interest. One of the objectives of
artificial modification is an improvement in visibility in clouds and
fogs. Their total dissipation 1s not always necessary. It follows from
the theory of light attenuation of dispersive media [10] that it is pos-
sible to improve visibility by a restructuring of the microstructure of

a cloud or fog. After Yu. S. Sedunov [6] proposed a method for the mod-
ification of microstructure by the introduction of additional finely dis-
perse condensation nuclei directly prior to the omset of cloud formation,
aseries of theoretical studies [1, 2, 5] was carried out in which a study
was made of the effect of nuclei with. different characteristics. The
experimental studies carried out in an aerosol chamber [3, 8] indicated
that the considered method affords a possibility for modification of the
process of forming of the droplet spectrum. A merit of the method is a
high degree of use of the reagent, attributable to the fact that in the
process of formation of the microstructure the total mass, which can be
extremely small, participates, and to a certain degree determines its
large number of condensation nuclei.

The objective of this study was a field investigation of the regularities
in changes in the microstructure of the cloud medium with introduction of
a reagent. Artificial hygroscopic particles were introduced into the
cloud near the condensation level. They must be entrained into a cloud
by ascending flows, and competing with natural nuclei, change the course

37

TND ATDTATAT 110" Ay

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



CIA-RDP82-00850R000200090007-3

2007/02/08:

APPROVED FOR RELEASE

nFge | osiFTOy | 90%9% o Yar> ST HEEOU N0
L¥68 08FGIE S'0FI'e HO ¥+ 009 c0S 1S wornodd Yodau eHugwor ")
9F 1 L7088 9'0F¢€S 9I—6l oL
017+8l ¢LF08E hnon”N 9—¢ Towd , LA eilnodd
9+21 98F08% 9'0+¢€G nod g1+ 0081 008 s OJOUUIL 13Th KERT2dD]] g
. ¥gFeZ | 006¥085 | 9OFO!1 §—v raro . €T
] 6CFI'l CIIF081 FOFIY HO( gc— [}2 006 B 1Hodd HaHKEavOUOrEW ¥
i
; LoFe 057031 voxe'l 11—6 Yord
FIFL1 08F061 ¥0F3Z ] ot 4 ard T
? 9'0F¢E'l 0£+06 yo+g'l Ko e+ — 059 9T curmy | cuowsan assen enavadaf] ¢
3
3
- .
H 9F b SPF0GE v0Foe -9 voua 1T . eLodd
- P04 0Fr¥083% yoFee nodp ¢ 008 005 ag olorual qiden sxnradapy z
3
6+8¢ §96S¢ 6'0¥8'C P1—21 dt ¥ard
Sl¥0¢e 08¥¢lE 9'0FL3 9—¢ Tar L+ 0501 0s¢ 1S OT uwconrsso inod
6¥8c | .09FseE | 90F6T 4T wod _ e eter 1
; _ i Mmm 95, ¢ » 7 ¢ ¢ 1
=W u Lt %W.« _ .m:nmbmudmom -adawen ._Nﬂxww du ‘a130H ‘munneds eXTI9O0 engorsk eLmuO
g N oo ! HHM L HOHWHAR TH MO,
s0 Kl “ sradg 15...«._0 ediedonay’  TOW s 2oomg q SMAIILULUOHIT) ae
| i i 1
T °19elL

38

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

FOR OFFICIAL USE ONLY

KEY:

No of experiment

Synoptic conditions

Type of cloud

Altitude of lower boundary, m

Thickness, m

Temperature of lower boundary, °C
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Time after modification, minutes
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Front part of warm front

Front part of cyclone

Very slowly moving front
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Trough before occluded front
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of -its development. Depending on the dispersivity and mass of the introduced
reagent there can be both formation of large droplets capable of initiating
coagulation and the creation of a stable fine-droplet system of the haze
type [2]. In the modification process use was made of particles of alum-~
inum chloride, in its hygroscopic properties extremely close to sodium
chloride particles. In sublimation by pyrothechnic means there was forma-
tion of particles having a size distribution close to a log-normal distrib-
ucion with a mean radius of O.prm and a dispersion of logarithms of the
radii 1.0.

The level at which it is necessary to introduce the additional nuclei is
situated near the lower cloud boundary. However, specifically in this layer
there is an increased nonuniformity of all the cloud elements. Here it is
common to encounter gaps, individual flocs or "locks" of clouds "hanging"
down for tens of meters. Since an aircraft camnot precisely trace all the
changes of the lower boundary, the introduced reagent entered both into
zones where the droplets still have not formed and in the forming lower
part of the cloud. Thus, the conditions for condensation growth of droplets
on artificial particles in different parts of the modification zone are
different. The modification effect is detected somewhat above the level of
- introduction of the reagent, but in the lower part of the cloud, where the
nonuniformity remains significant.

The nonuniformity of the medium indicates an increased turbulence level in
the lower part of the cloud, which, it was found, gives the main contribu-
tion to the entrainment and propagation of the reagent. The reagent was
introduced from aboard the aircraft-laboratory during flight along a
straight line. The conditions of its propagation were studied using radar
corner reflectors [9]. In accordance with the measurement results,
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the modification zone can be represented as an elliptical cylinder with a
horizontal axis of 7-8 km. The lengths of the axes of the ellipse, lying at
the base of the cylinder, 5 minutes after modification were 600 and 200 m,
and after 10 minutes -- 1,200 and 400 m. The mean concentration of reagent
after 5 and 10 minutes was 20p g/m3 and 5|,Lg/m3 respectively, However, the
reagent, diffusing in the cloud under the influence of dynamic turbulence,
does not fill the entire volume uniformly and at individual points of its
concentration can differ considerably from the mean values. For the mon-
itoring and registry of changes in microstructure the aircraft repeatedly
returned to the modification track at an altitude exceeding by 20-30 m

the altitude at which the reagent is introduced. The flight trajectory,
the moments of entry into the modification zone and emergence from it were
reglstered by a ground radar. The time of presence of the aircraft in the
modification zone was about two minutes.

The principal instruments for investigating microstructure and its changes
were a photoelectric instrument for measuring the sizes and concentration
of cloud droplets in the range from 0.5 to 40pm [4] and an instrument for

- measuring aerosol scattering in clouds. During presence in the modification
zone 100-120 microstructure samples were taken for analysis. The number of
droplets in the sample varied from 500 to 6,000, depending on their concen-
tration in the cloud. The background data on the state of clouds were col-
lected in regions adjacent to the modification zone during aircraft man~
euvers for return to the modification track.

Table 1 gives data on the synoptic conditions under which the experiments
were made and some integral characteristics of microstructure computed
from the measured spectra. A preliminary analysis indicated that in the
modification zone there is an increase in the concentration of hydro-
meteors and aerosol scattering. However, there is no direct proportional-
ity between these changes, which indicates a restructuring of the spectra.
In order to explain the nature of this restructuring each of the measured
spectra was divided into two parts -- water-enveloped nuclei and droplets
[7]. The part of the spectrum containing water—-enveloped nuclei was de-
scribed by a power-law distribution in the form . )

fo=a(%)",

where A is a normalizing factor numerically equal to the value of the above
power function with r = rg = 1p.m. The A and v/ parameters were computed by
the least squares method. The parameters of the distribution function, de-
scribing the droplet part of the spectrum, were computed from the modal
values of the radius and distribution function and the liquid water content
value, computed from the measured spectrum. Table 2 gives the parameters of
the distribution function (and not the parameters of the mean spectrum),
averaged from individual spectra, and their variability in background meas-
urements and in the modification zone 5-7 minutes after introduction of the
reagent. The last four lines in the table generalize data on change 1in the
parameters as a result of modification and on the significance levels fur
these changes, evaluated using the Bartlett and Fisher tests.
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An analysis of the table indicates that as a result of introduction of
the reagent there was an increase in the concentration n of water-encased
nuclei, that is, most of the additional nuclei were encased in water, but
could not form droplets. The droplet concentration m and the aerosol scat-
tering coefficient o¢ increase somewhat. The changes of the exponent in
- the inverse power-law distribution v, the mean radius r of droplets and
the relative dispersion of the droplet part of the spectrum o/r are in-
significant at the level of the natural inhomogeneity of clouds. A sub-
stantial increase in fluctuations of some parameters is also observed
in the wake of the effect.
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Fig. 1. Spectra of size of hydrometeors before modification and 5-7 minutes
after cloud modification. a) background, b) wake of modification; 2) in
_ stratocumulus cloud, 3) in haze under clouds, 5) in stratiform cloud

The additional information on restructuring of the spectra is shown in the
figure. The numbers on the curves in this figure correspond to the numbers
of the experiments, The figure shows that in the modification zone the
value of the distribution fuaction in the region 0.5-0.7pm increases by

a factor of 2-3, there is a deepening of the "dip" between the parts of the
spectrum, and droplets which are larger than those observed in background
measurements appear. However, droplets capable. of causing coagulation (r>
20+ n) have not been registered.

Our work demonstrated that the introduction of additional artificial con-
densation nuclei somewhat modifies the microstructure of clouds. Under
natural conditions the process is traced for 13-15 minutes after intro-
duction of the reagent. At the end of this period the concentrations of
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the diffusing reagent and modified droplets become so small that the mod-
ification effect is insignificant and all the measured parameters of the
cloud medium approach the background levels. On the other hand, this
circumstance indicates that repeated flights of an aircraft through the
modification zone do not result in substantial changes in stratiform
clouds and exert no influence on "purity" of the experiment. It is evi-
dently possible to trace the further course of the process only with a
marked increase in the seeding area. A significant effect from modifica-
tion which could be used for practical purposes has not yet been estab-
lished.

The author expresses appreciation to A. V. Lachikhin, V. P. Bedrenko and
B. S. Yurchak, specialists at the Institute of Experimental Meteorology,
for assistance in carrying out field experiments and measurements.
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PROBABILISTIC APPROACH TO THE OBJECTIVE CLASSIFICATION PROBLEM
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 39-44

[Article by A. A. Burtsev, USSR Hydrometeorological Scientific Research
Center, submitted for publication 13 July 1979]

Abstract: In the probabilistic approach to
objective classification the meteorological
fields are not characterized as belonging un-
ambiguously to some class, but by degrees of
reliability of belonging to all classes. It

is demonstrated that the proposed probabilistic
approach is more universal and has a number of
advantages in comparison with the traditional
deterministic approach. In order to ascertain
the degrees of reliability of such a determin-
ation the author proposes the synthesis of a
Golovkin algorithm with a potential functions
method algorithm and its realization using ac-
tual data. The results indicate an objective
character of the restored degrees of reliability.

[Text] Recently in meteorology ever-increasing attention is being devoted
to the problem of objective classification of the fields of meteorolog-
ical elements. The timeliness of this problem 1s attributable not only

to theoretical and cognitive considerations, but also to the fact that
the results in one form or another can be used in weather forecasting.
Many authors, concerned with classification, indicate the difficulty [2],
and some [7] even suggest the impossibility of creating a universal ob-
Jective classification in meteorology. The author of [6] makes an attempt
to create such a classification, but by virtue of the factors which will
be considered below, this approach can be considered universal only to a
limited degree. In this article we propose a new approach making it pos-
sible to come close to solution of this problem.

Among the objective classification algorithms special attention shouvlc be

given to the B. A. Golovkin algorithm [5]. For the first time in metecor-
ology it was applied in [4] and then with some modifications -- in [3].
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This algorithm, constituting an approximate solution of the problem of
linear programming with Boolean variables, makes it possible to discrim-
inate in the set of objects X the centers of clustering of objects xy & X,
and specifically, obtain a set of the most typical, or as they are usual-
ly called, "standard" objects. Then the entire ensemble of objects xi & X,
i1i=1,...,N (N is the number of objects) is broken down into classes by as-
signing each xj to that class the distance to whose standard object is
minimum. A merit of this algorithm is that it is completely free of any

a priori assumptions concerning the spatial structure of the set of ob-
Jects to be classified and in the best way possible evaluates the number of
classes and unambiguously distributes all the objects by classes. In this
algorithm there is no need to stipulate any threshold distances; the only
input data are the matrix (measuring N x N) of distances between each pair
of objects.

If the spatial structure of the set X is such that all xj can be broken
down into classes which are adequately compact and distant from one anoth-
er, the Golovkin algorithm rather qualitatively solves the classification
problem. The situation is far more complex in a case when the character-
istic regions of the classes are situated close to one another and partic-
ularly when the characteristic regions intersect. In this case objects
which are extremely close to one another, situated in a zone of intersec-
tion of the characteristic regions, can be assigned to different classes
and in this case the probability of a classification error will be very
high. And precisely such a peculiarity is characteristic for some large-
scale fields of meteorological elements. For example, it was established
in [3] that the fields of summer mean monthly anomalies of H-500 (regis-
tered in the latitude zone 75-40°N during the period 1948-1977) have the
property of intersection of characteristic regions. This circumstance
followed from the fact that after constructing a classification on the
basis of the Golovkin algorithm the zero hypothesis of equality of intra-
class means could not be refuted on the basis of the Fisher test with a
5% significance level. The classification became significant only after
exclusion of a number of objects falling in the zone of intersection

of the characteristic regions. But such an artificial procedure evident-
ly cannot be considered justified because we obtain a number of objects
unrelated to any one of the classes.

Returning to [6], it should be noted that the theory of a universal objec-
tive classification constructed there in the considered case is inapplic-
able since at its basis is the hypothesis of nonintersection of the char-
acteristic regions of classes. Thus, the classification in [6] can be re-
garded as universal only in a limited class of fields of meteorological
elements.

In this article the author does not attempt to dispute the position that
in the atmosphere there are some stable states around which the entire
ensemble of temporal realizations of atmospheric processes tends to be
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grouped. However, the objectively established fact of the existence of
some individual meteorological fields not similar to one of the standard
fields of determined classes forces us to seek a more flexible approach to
the objective classification problem than used now and before.

Now we will examine still another aspect of objective classification
theory. In developing different meteorological classifications it is cus-
tomary to limit ourselve to the construction of "standard" fields of
classes, assuming in this case that these standards are an exhaustive char-
acteristic for all fields combined with them into a single class. Now

we will consider the problem of the informational properties of the stan-
dards, for clarity in description examining the case of two classes. We
will denote these classes by A and B, and their standards by xx and xg.
The quantity of information I(y) concerning some field y&X consists of
two parameters, to wit: the quantity of information about y included

in x, and the quantity of information on y included in x;.

I (y)y=1(y/x)+1(y/xp)
The 1{y/x) parameter is determined in the following way:
I(ylx) =H (x)-+H (y)—H (x, y),

where m
Hx)=— [ p(x) logp (x) dx-

-

is the statistical entropy of the x field and p(x) is probability density.

If y belongs to the region where p(x* » ¥) is close to p(x*B, y), it is ob-
vious that I(y/x*A)/I(y/x*B) do not differ so much that one of them can be
neglected. Should we formally assign y to that class for which the p(x,

= y) value is maximum, we lose a considerable part of the information,
which is scarcely justifiable. Thus, in the considered case of inter-
sections of the characteristic regions the informational properties of
the standards do not enable us to solve the classification problem suc-
cessfully if we employ traditional methods for breaking down the objects
by classes.

Another problem which must be dealt with in solving classification problems
is the availability of a teaching sequence of sufficient length. V. N. Gli-
venko has demonstrated the theorem of uniform convergence of the empirical
distribution curve to the distribution function with an increase in the
volume of the sample. It follows from this theorem that the length of the
teaching sequence |} aq adequate so that after ending the teaching process
it will be possible to recognize the newly appearing objects is proportion—
al to the dimensionality of criterilal space and inversely proportiomal to
the probability of classification error. Applicable to our data, in partic-
ular, for the above-mentioned mean monthly AHsgp fields, it was establish-
ed in [3] that Qad & 6000, which 1s an order of magnitude greater than

the archives of field data at our disposal. In order to reduce iad it is
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- necessary to reduce considerably the dimensionality of criterial space.
This can be achieved by the approach of expansion in natural orthogonal
functions. However, since in order to obtain lad in our data we were
forced to limit ourselves to a very small number of the first expansion
terms, some percentage of the variability (dispersion) of the fields re-
mains not taken into account.

In addition to what has been stated above, this circumstance indicates
that solution of the classification problem, which in essence is a com-
pression of the useful information, in the considered case a transforma-
tion of this information into a loss.

It seems that this difficulty also cannot be overcome by any effective
method if we remain within the framework of the traditional, that is, de-
terministic theory of breakdown by classes. Accordingly, we will proceed
to formulation of a fundamentally new, probabilistic classification prob-
lem: we will characterize each field x{& X not by an unambiguous assign-
ment to the class A or B, but instead we will introduce the concept of the
degree of reliability of belonging Dp(xi) and Dp(x4), that is, we will say
- that the xy field belongs to the class A with the degree of reliability
Dy(x4) and belongs to the class B with the degree of reliability Dp(xq).
Tn the case of M classes each xi will be characterized by the vector D(xj)
= {Diy1se++s DyM j, i=1,..., M. Such an approach is far more universal
than the deterministic approach, and in addition, with such a representa-
tion there is no information loss.

In actuality, if we find all the degrees of reliability, the determined
vector D(x4) will unambiguously characterize xy, that is, rigorously fix
its position in the space X, not leaving room for uncertainty. It 1is con-
venient to use a probabilistic characteristic as the degree of reliabil-
ity. Thus, we will assume that in all X there are functions Dp(x) and Dg(x)
which are the conditional probabilities that x belongs to class A or class
B respectively. We note that such a probabilistic formulation of the prob-
lem is a special case of the deterministic approach, characterized by the
fact that Dp(x) and Dy(x) only assume values equal to or close to O or

1 in objects of A and B, as occurs in the case of adequate compactness and
a considerable distance between A and B.

Now our problem is, using the objects xy & X appearing in the teaching pro-
cess, to restore Djy(x) and DB(x) = 1 - Dp(x). In order to approximate Da (x)
we will use the adaptive algorithms approach, and specifically the poten-

- tial functions method [1]. This method is attractive, first of all, because
it is free of any a priori assumptions concerning the nature of the distrib-
ution of objects, that is, we need only assume that there is some non-zero
probability of the =2ppearance of objects xj&X; second, the method is at-
tractive due to its simplicity and the economy of computer time; third, the
potential functions method allows successful synthesis with a Golovkin al-
gorithm. Applying the Golovkin algorithm, we will seek the optimum set of
standard objects and then we will "fix" them as the most typical represent-
atives of the classes, and after this, applying the potential functions
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approach, we will ascertain the degree of reliability of whether each xy
belongs to these standard objects.

Thus, assuming that DA(x) is representable by a series in the form
D, (x)= T o (%)
. !

where q&jx) is some complete system of functions, we will use the recur-
rent procedure

f3# () = 15 (5 7 K (224, ), @

where fg(x) is the n-th approximation to Dy (x), K(xttl | x) is a potential
function. In general form K has the following form:
-

K (X, y) = z '? P (‘\‘) -7[()’), (2)
i=1
where the followi., conditions are imposed on ‘Ai
Z )."; < oo )
i1 (3)
ali Ay % 0.

In the teaching process, the following four situations can arise in the
representation of any object x: AB, BA, AA and BB. The first letter in
these notations is the designation of the class to which the object x
must be assigned, taking into account which of the values fg(x) or fg(x)
is maximum., The second letter is the designation of the class to which x
must be assigned, being guided by the criterion of a minimum of the dis-
tance to the standard. The coefficients rp are determined in the follow-
ing way: Yo, if BA,

rh = { -y, if AB, (%)
0, if AA or BB,

where 7; is a series satisfying the conditions

[Zﬁ<w

1

When using the recurrent procedure (1) with the potential function (2) and
adhering to the conditions (3), (4), (5), it can be demonstrated [1] that

j [f7(x) =D, ()P p(x) dx—0,

where p(x) is probability density.
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As a result of synthesis of the Golovkin algerithm and the potential func-
tions method each xj field in our archives will be characterized by the
vector Dy = {Dy j,..., Dy }, where M is the number of classes. In ad-
dition to solving the information compression problem, such a represenia-
tion can find use in prognostic practice. In actuality, the components of
the Dy vector are in fact the conditional probabilities and accordingly,
for further investigations it is possible to apply all the advantages of
the mathematical statistics method.

Some methods for long-range weather forecasting are mow known. They are
based on the forming of different classifications. In these methods the
standard field of the most probable class is stipulated as the prediction
material [4]. It appears that it is possible to increase the guaranteed
probability of such prognostic schemes if it is not the appearance of some
class which is predicted, but a set of parameters Dj pre. In such a way
- we will predict a specific field unambiguously determined by its degrees
: of reliability Dy pre. Then, using our archives of data, it is possible

to find some real field xp with the set Dip closest to Dy pre, and as the
forecast -- give this Xp ?ield.

We note thet when using the potential functions method we solve still
another problem related to the presence of a teaching series. The use
of the recurrent procedure (1) allows a cyclic representation of the
- set of presented objects. The algorithm is stopped after euch a teaching
cvcle for which all the cocefficients rp were equal to zero, that is, when
f(x) approximates D(x) with an adequate degree of accuracy. Thus, the
possibiiity of use of cyclic teaching is still another merit of the poten-
- tial functions method of importance to us.

In conclusion we will cite the result obtained using real data (the above-
- mentioned mean monthly Hsgo anomalies). This example indicates that the
degrees of reliability D, restorable by the described method are an ade-
quately eifective method for representation of the fields of mneteoroleg-
ical elements and the distance between Dy of two fields can be used as a
measure of the similarity of these fields._Using the classification ob-
tained in [3], for each field we restored D,. It was found that the pairs

of flelds for which the value _—
Sij = 1/2: (D "Dn)’
k=1

- is small are characterized by a quite high similarity index A, and on the
other hand, the pairs of fields with large Sij are characterized by small

P

The figure shows five curves. Along the y-axis we have plotted the Sij
value, where iE P, J& Q4, P is a set of standard objects, Qi 1s a set
of objects belonging to a class with the i-th standard object. For the

first standard D ..., = {1. o, 0, O, 0} ; for the second D, ... 5 =

o, 1, 0, O, 0] etc., that is, the i-th standard was assumed to belong to

ST
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the i-th class with the degrees of belonging 1, and to the remaining class-
es -- with the degree of reliability 0. The approximately identical char-
acter of all five curves indicates a nonrandomness of such a correspond-
ence. At first glance it appears strange that some fields are character-
ized by very small P values, but it was found that precisely these fields
are in the zone of intersection of the characteristic regions of classes.,
- We note that if any field x4 belongs to the zone of intersection of the

k-th and | -th classes then ij is close to Dij'

J.'/r

Fig. 1. Curves of the dependence of §iy on o for five classes.
In summarizing what has been sald above, it can be said that the proposed
probabilistic approach to the problem of objective classification of the
fields of meteorological elements is quite universal and has a number of
advantages over the traditional deterministic approach.
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STRUCTURE OF TROPICAL CYCLONE ''CARMEN" DETERMINED FROM AEROLOGICAL
SOUNDING MEASUREMENTS OVER THE OCEAN

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 45-50

[Article by V. V. Galushko, Doctor of Physical and Mathematical Sciences
V. N. Ivanov, V. A. Korobkov, L. A. Mikhaylova and Candidate of Physical
and Mathematical Sciences A. Ye. Ordanovich, Institute of Experimental
Meteorology, submitted for publication 13 July 1979]

Abstract: A study was made of the thermo- and
hydrodynamic parameters of the atmosphere in
different synoptic situations using radiosonde
data collected by a group of scientific research
ships. The article examines the characteristic
thermo- and hydrodynamic peculiarities of the at-
mosphere on the periphery and in the central
- cloud mass of a typhoon and situations with few

clouds outside the zone of typhoon influence.

[Text] At the present time a number of fundamental problems related to the

genesis and development of tropical cyclones (TC) remain unsolved. Such

problems include study of the spatial-temporal structure of thermohydrody-
- namic processes in the tropical atmosphere.

In order to carry out this type of investigations the principal meteorolog-
lcal characteristics of the atmosphere and their gradients much be spatial-
ly averaged with averaging scales not greater than 100-300 km, since in
such distances the variability of the investigated mesoscale formations

has the same order of magnitude. A decrease im the averaging scales is also
undesirable, since in addition to the measurement errors, increasing in
this case, there is a decrease in the stability of the experimental re-
sults with respect to fluctuations of meteorological parameters due to at-
mospheric turbulence.

In this paper we examine the thermo- and hydrodynamic characteristics of

the tropical atmosphere in different synoptic situations, computed using

radiosonde data in an aerological polygon formed by a group of three sci- -
entific research ships of the "Tayfun-78" expedition. The side of the tri-

angle formed by the ships was approximately 200 km.
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Table 1

Locatfon of Aerological Polygon Relative to Center of Typhoon and Central
Cloud System

L Koopaimaru, o .
Yo Bpems, « 2 2pad 3 o &H PacLTONHIE, KA 5
asrycra r B ’ - OT Kpan
PURBHY, o orioe, | ¢ w. o] B 2 OT UCiTP3 | 66 naunoro
1| “cxoe 6 7 8 9 . 1alidy#1 0| “pacensa 11
12 Cesepnas nepugpepun
:g lg 22 I~ 23 147 1 800 ~500 **
A T T - v s A
1 06 16 23 V7 AL T N B —400
i1 12 22 23 147 i T 16 800 —250—300
13 Uenrpansuowi obsaunvii saccus
12 06 16 23 147 T 450 +50
12 12 22 23 147 T 350 +100
12 18 01 23 147 T 3n0 +200
14 XBOCTOEﬂﬂ KOHBEKTUBHA] noaoca
13 01 11 23 147 T 700 +400
13 06 16 23 147 Ty 700 +40i)
13 12 - 22 23 147 Ty 800 +600
13 18 04 23 147 T)‘l7 1041 -804

KEY:
1. Day in August
2. Time, hours
3. Coordinates, degrees
4, Stage
5. Distance, km
6. Greenwich
7. Local
8. N
9. E

10. from center of typhoon
11. from edge of cloud mass
12. Northern periphery

13. Central cloud mass

14. Tail convective zone
15. Tropical depression

16. Tropical storm

17. Tropical hurricane

Note. The sign in the column with the double asterisk denotes the position
of the center of the polygon relative to the cloud mass: minus -- degree
of withdrawal, plus -— degree of penetration

Among the hydrodynamic characteristics of the atmosphere considered in
this paper are the two horizontal and vertical wind velocity components
and relative vorticity. The method for computing these parameters is sim-
ilar to that described in [2].

As the thermodynamic characteristics of the atmosphere we will examine
latent heat LQ = Lq and static energy
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EL =C, T—+—L(]>}~g2 — ELo.

Here T is the temperature of moist air, K; q is the specific moisture con-
tent of air at the altitude z; L is the specific heat of vaporization; ¢
is the specific heat capacity of air at constant pressure; g is the accel-
eration of free falling; EL, is a constant determined in such a way that
near the ocean surface the value is close to zero:

ELO_—. CI' To--}-l,fnfl,,(To) = 84 *

Here qy(Tg) is the saturating value for specific humidity at the tempera-
ture T = 300 K; fg is mean relative humidity, equal to 80%.

In this paper we investigate the vertical distribution of these thermody-
namic characteristics and influxes of the values LQ and EL (FLQ and FEL re-
spectively) per unit time in an air column with a base area of 1 cm? and a
height of 50 mb for different synoptic situations.

l,_”__.; = ‘_/:-__._-__
Vo C

K] 4! [

b

|
%
|

Fig. 1. Schematic image of location of aerological polygon (triangle) rela-
tive to typhoon "Carmen." 1, 2 -- northern periphery, 3 -- central cloud
mass, 4 =-- tail convective zone

During the period 10-15 August 1978 the aerological polygon of the expedi-
tion was situated in the.zone of influence of typhoon "Carmen" (7811), in
its different regions. The characteristics of the synoptic conditions for
generation of the typhoon and its structure were described in [1]. Table
1, taken from [1], gives data characterizing the stage of typhoon develop-
ment and the location of the aerological polygon relative to the center of
the typhoon and its central cloud system. A schematic representation of
location of the polygon is shown as Fig. 1.
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Fig. 2. Hydrodynamic and thermodynamic characteristics of atmosphere in
zone of influence of typhoon "Carmen.” 1) cloudless Trades zone, 2) north-
ern periphery, 3) central cloud mass, 4) tail convective zome.

KEY:
1. mb 4. cm/sec
2. m/sec 5. sec
3. cal/g 6. cal/(em2.sec)

All the experimental data obtained during this period were grouped in ac~-
cordance with the synoptic situations in the polygon region. It was pos-
sible to discriminate several such situations:

1) Northern periphery of typhoon 'Carmen'";
2) Central cloud mass;
3) Tail convective zone.

It should be noted that the proposed classification of synoptic situations
reflects quite well the peculiarities of the state of the troposphere in
the region of the aerological polygon. The distribution of the thermohydro-
dynamic parameters of the atmosphere is qualitatively similar within each
group, which makes it possible to consider the results of the computations
as objective characteristics of the corresponding synoptic situations.

The results of computations of the thermo- and hydrodynamic characteristics
of the troposphere for the above-mentioned situations are presented in Fig.
2. The horizontal components of wind velocity u and v are determined in a
Cartesian coordinate system with a reading origin situated at the center of
the polygon. The coordinate system is oriented in such a way that the OX-
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axis 1s directed from the center of the typhoon. Here u and v are the radial
and tangential components of wind velocity, directed along the OX and OY
axes respectively. The positive direction of the tangential velocity com-~
ponent is counterclockwise. The positive sign for the vertical velocity
component w corresponds to an upward direction, whereas relative vorticity
ROT corresponds to counterclockwise rotation.

Figure 2 also shows the thermodynamic characteristics of the atmosphere:
latent heat LQ, static energy EL, and also their influxes (FLQ and FEL)
per unit time in an air column with a base 1 cn? and an altitude 50 mb.

Now we will examine the most significant characteristics of the troposphere
structure over the waters traversed by typhoon '"Carmen" in its different
zones. The aerological polygon of 10~11 August was to all intents and pur-
poses situated outside the zone of active influence of the typhoon (Table
1, Figure 1), on its northern periphery, at a distance of about 800 km

from the center in a cloudless zone. As a result of typhoon movement on

12 August the aerological polygon was within the cloud mass at a distance
of about 400 km from the center. Then the typhoon moved and the aerological
polygon occupied a position in its tail cloud system at distances from the
center of 800 km on 13 August and from 1,200 to 1,400 km on 14 August.

The greatest changes in the characteristics of the troposphere occurred
with movement of the polygon from the northern periphery of the typhoon
into its central cloud mass. The northern periphery of the typhoon, in all
probability, was a slightly disturbed zome, subjected only to a limited in-
fluence from the typhoon. This can be seen most clearly from the profile
of the radial component of wind velocity, which does not have traits char-
acteristic for zones of strong influence of typhoons (small influx in low-
er troposphere, no upper tropospheric outflow). Other distinguishing char-
acteristics of the considered zone are positive relative vorticity, the
presence of weak but noticeable ascending air flows, small heat influx

and virtually zero moisture influx, on the average, in the entire thick-
ness of the atmosphere.

The central cloud mass differs appreciably in its characteristics from the
considered situation. This difference was manifested most clearly in the
following facts:

-- there is a considerable change in the profile of wind radial velocity --
there is a great influx in the lower troposphere and an outflow in the
upper troposphere; .

-~ there 1is a change in the stage of vorticity from positive on the north-
ern periphery to negative (anticyclonic) within the cloud mass, especially
at great altitudes;

-- the descending flows in the entire thickness of the troposphere in-
crease by a factor of 4-5;

-- in comparison with the preceding situation the total tropospheric mois-
ture content increases by a factor of 1.4;
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— there was a considerable warming of the troposphere -- a minimum in
the profile of static energy (in the case of the northern periphery sit-
uated in the layer 600-700 mb) was smoothed and the static energy in the
entire air column increased.

There was a substantial change in the energy flux in a vertical column of
the troposphere. There was an increase in the influx of static energy FEL.
It was distributed for the most part in two layers; 950-700_and 700-300 mb.
In the first layer the influx averaged about 2-10"3 cal/ (cm?-sec), in the
second -~ approximately 5.10"3 cal/(cmz'sec). However, the influx of latent
heat FLQ became negative and in the middle layers of the troposphere at-
tained values 8:1073 cal/(cmZ-sec) (the integral moisture outflow from a
vertical unit air column in this case attained 0.85 g/day). It should be
noted that the energy influx of 10-3 cal/(cm2-sec) in an air column with

a height of 50 mb and with a base of 1 cm? can heat (under the condition
that energy is expended only on heating) air by 7°C per day. Thus, in the
central cloud zonme of the typhoon the troposphere was intensively heated.

The tail convective zone of the typhoon, in which the aerological polygon
was present on 13 August, differed little with respect to hydrodynamic
characteristics from the central cloud mass. As on the preceding day,
there were descending vertical flows, but their velocities decreased by
a factor of 4-5. Vorticity remained negative. The profile of radial wind
velocity retains features characteristic of the central cloud mass, but
the outflow in the upper troposphere substantially decreased.

There was a considerable change in the energy balance of the troposphere.
Although the vertical distribution of EL and LQ virtually did not differ
from the central cloud zome, the energy balance (that is, the influxes

of heat and moisture into an air column) decreased by a factor of 6-7. The
total influx of all types of heat (static energy) was close to zero.

i Table 2

Coordinates of Polygons and Observation Times (Cloudless Situation)

Koopaithaisi
wero | e | Cwomroma” | diciol| PRZ] oo, s 3
centabpa c[):oc) ¥ 2pad 3 |ccuradpsa cn?oo) M
i 1 2 c. w. | B. 1. c. 1. ‘ B 1
- 4 3
9 12 15,1 143.5 29 12 122 146.0
9 00 13,1 143,5 29 18 12,2 146,7
1 00 13,3 138.8 30 00 12,2 146,9
12 00 13,2 1416 30 06 12,1 146,8
12 00 12,8 141,3 30 12 11,5 1414
12 12 15,8 1435 2 12 123 145,5
29 06 12,1 146,8 12 00 12,6 1455
KEY:
1. Day in September 3. Polygon coordinates 5. E
_ 2, Time (GMT), hours 4. N :
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Thus, an analysis of the thermodynamic characteristics of typhoon "Car-
men" makes it possible to draw the following conclusions:

1. The tail convective zone of a typhoon is characterized by a considerable
heat content, differing little from the heat content of the central cloud
mass, but differing appreciably from the little-disturbed northern peri-
phery of the typhoon.

2. The tail convective zone is relatively conservative in the sense that
the influx of latent heat FLQ and especially the total energy balance of
the influxes FEL into a vertical air column are not great.

3. Both in the central cloud mass and in the tail convective zone of the ty-
phoon there is a considerable anticyclonic vorticity in the entire thick-
ness of the troposphere. It is particularly great in the layer 400-200 mb.

4. The vertical velocities both on the northern periphery and in the tail
convective zone of the typhoon -- its eastern periphery —- are great. In
this way the periphery differs appreciably from the central cloud mass of
the typhoon, in which the vertical velocities are considerable.

Some thermodynamic characteristics are given in Figures 2 and 3 for a com-
parison of the thermodynamic characteristics of typhoon "Carmen" with the
characteristics of the troposphere under undisturbed conditions. These
thermodynamic characteristics are for the cloudless Trades zonme, whose
frequency of recurrence during the time of the expedition was rather great.
In order to compute these characteristics we averaged the experimental

data obtained at different times during the course of the expedition and
characterizing a relatively extensive cloudless zone. This fact was es-
tablished using satellite photographs, nephanalysis maps and meteorolog-
ical evaluations of cloud cover over the polygon. Table 2 gives the coor-
dinates of the polygons and the observation times for such cases. It should
be noted that in this case (in the absence of typhoons near the polygon)
the coordinate system is oriented in such a way that the OX-axls is directed
to the east and the OY-axis is directed to the north, that is, u is the
zonal component of wind velocity, v is the meridional component. We note
the most characteristic features of the thermohydrodynamic parameters rep-
resented on the graphs. These include:

1) Weak positive vorticity in the boundary layer of the troposphere and a
considerable negative vorticity at great altitudes.

2) Weak, virtually zero ascending flows in the entire thickness of the tro-
posphere.

3) A virtually complete absence (on the average) of exchange of heat and
moisture. The influx of static energy into an air column 1s virtually equal
to zero.

Thus, as follows from the computations, the cloudless Trades zone is char-
acterized by a considerable conservatism, that is, a constancy of the ver-
tical profiles of the principal thermodynamic characteristics and small
(on the average) heat influxes into an air column.
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ACCURACY IN DETERMINING ATMOSPHERIC OZONE CONTENT USING DATA FROM
- MEASUREMENTS OF OUTGOING RADIATION

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 51-58

= [Article by Candidates of Physical and Mathematical Sciences Yu. M. Timo-
= feyev and M. S. Biryulina and V. P. Kozlov, Leningrad State University,
- submitted for publication 15 January 1979]

Abstract: Computations of the informativeness and

optimum conditions for measurements of outgoing

thermal radiation in the 03 absorption band 9.6 m

are given in the problem of indirect determination

of the vertical profile and total content of ozone

- in the earth's atmosphere. The article gives an
analysis of the physical reasons for the low in-
formativeness and accuracy of the indirect method
relative to the q(p) profile. Different ways are

- proposed for increasing the accuracy in determin-~

ing the characteristics of ozone content using

measurements from meteorological artificial earth

satellites. It is shown that heterodyne measurements

of outgoing radiation (with a resolution 10~2-10"3

- cm’l) make possible a substantial increase in the
accuracy of the indirect method in the upper strato-
sphere.

- [Text] Measurements of the ‘total content of ozone Upj and the vertical pro-

! file of its concentration in the atmosphere, already carried out for a
quite long time, have become particularly timely during recent years, in
particular in connection with the problem which is arising of possible
changes in the thickness of the ozone layer as a result of change in the
chemical composition of the atmosphere [10, 18].

Present-day requirements for obtaining global information on atmospheric
characteristics stimulated the development of special satellite methods

for determining ozone content based on. interpretation of data on outgoing
radiation in different spectral ranges. In one of these methods use is made
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of measurements of outgoing thermal radiation in the region of the Oy ab-
sorption band 9.6tm. Sources [7, 12, 16] give the results of a theoret-
ical analysis of the accuracy of this indirect method. The meteorological
artificlal earth satellites "Nimbus-3" and "Nimbus-4" were used in measur-
ing outgoing radiation, making it possible to evaluate its real accuracy,
and also to obtain a great volume of valuable information on the global
field of ozone content [13]. After analyzing the principal results of these
studies it 1s possible to come to the fcllowing conclusions:

a) Theoretical investigations and satellite experiments indicated that the
informativeness of the considered indirect method when using an average
gpectral resolution (A¥Y = 2-5 cm"l) is small. In particular, with the pres-
ent-day accuracy of measurements of outgoing radiation it is possible to
determine only 1-2 independent parameters of the vertical structure of the
ozone content profile (for example, 1-2 coefficients in the expansion of
the profile in the characteristic empirical base). As a result, it is not
possible to obtain sufficiently reliable data on the vertical structure
- of the 03 content profile in the atmosphere.

b) The indirect method makes it possible to determine the total ozone con-
tent with a relatively high accuracy. In particular, both theoretical in-
vestigations and the imncecpretation of satellite data indicate the pos-
sibility of determining Ups with an accuracy of 6-10% relative to the true
or mean Upj value.

c) In not a single one of the studies with which we are acquainted was any
attempt made to analyze the physical reasons for a low informativeness of
the indirect method or to find ways to increase it. In particular, until
now there have been no computations of the optimum conditions for measure-
ments of outgoing radiation in the absorption band 9.6 pm. Experience has
indicated that a correct solution of this problem in a number of cases
will considerably increase tihe accuracy of indirect methods [3].

In this study an aftempt i1s made to fill the existing gaps.

The mathematical basis for solution of inverse problems in the theory of
transfer of thermal radiation is the well-known integral form of the trans-

- fer equation [4]. After linearization of the equation the considered prob-
lem is reduced to solution of the following operator equation of the first
kind: - e

GTZAX?H-]: (1)

[It 18 assumed that the atmospheric temperature profile is known on the
basis of solution of the problem of thermal sounding of the atmosphere

{41].
>
where § I is the vector of deviations of the measured (with different fre-

quencies vy, 1 =1, 2,...,m) radiation I(+v4) from the radiation T(’Vi),
corresponding to the mean profile of of the mixture ratio 03 - q(p),
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S-q’ 18 the corresponding vector of deviation of the mixture ratio (at dif-
ferent atmospheric levels pj, J = 1, 2,...,n), A is a matrix m x n, whose
elements have a simple physical gense -- they characterize the sensitiv-
ity of outgoing radiation in the i-th spectral range to variations of the
q(p) profile at the level with the pressure Pj-

ME -
- ;? 1 -.
- a b
T
wr -
¢
100}
7
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000 . . — —
0 S g0 2’ 4 O 02
275 — T Ak agz/(mz-/c;/rw-cwa) A0 spaflem e cpeA')

Fig. 1. Vertical temperature profile T and mean ozone profile q for which
computations were made (a), the kernels A(p) for the absolute variations
of ozone concentration in three registry channels (b) and the kernels A'(p)
tor relative variations of the ozone concentration (c). 1) ¥ = 1055 em™1,
2) v = 995 em™l, 3) v = 1125 cml,

KEY:
1) mb
2) g/g
3) erg/(em?-srecm™1)/g/g

Figure 1b shows examples of computation of Aj(p) for three spectral ranges
at the center and in the wings of the_absorption band with a spectral reso-
lution of the measurements Av= 5 em~l, The computations were based on use
of a statistical absorption model [9] and for the mean profiles q(p) and
T(p) corresponding to the period May-September [17].

An analysis of the behavior of the Ay(p) curves shows that for all the con-
sidered spectral intervals (we examined 20 intervals in the range from 965
to 1155 cm~l) the meximum influence on outgoing radiation is exerted by
absolute variations of ozone content at approximately one and the same
level, situated in the troposphere, that 1s, substantially below the level
where_the maximum 03 content is situated (see Fig. la, which gives .i:«

mean q(p) profile. A change In the optical density of the spectral iater-
vals (with movement from the center of the band to its edges) leads only
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to changes in the absolute values Ay(p), but not to a displacement of the
curves in the vertical coordinate. This leads to the conclusion that for
the considered indirect method the information available for layers above
and near the ozone content maximum is very low. A similar behavior of the
Ai(p) curves is also observed for other seasons.

The A,(p) curves shown in Fig. 1 characterize the sensitivity of I(v) to
absolute variations of q(p). However, due to the strong variability of
q(p) within the limits of the ozone layer (q(p) varies by two orders of
magnitude) it is useful to analyze the behavio: .€ the Aj(p) curves cor-
responding to an gperatiogal equation relative to the Efq/q values (it is
easy to see that Ai(p) = q *A{(p). Figure lc shows A;j(p) curves for these
same spectral intervals. It can be seen that although the Aj(p) curves are
sitvated higher in the atmosphere, they are characterized by the above-
mentioned peculiarities.

Under conditions of a low information yield of the indirect method it is
desirable to make computations of the optimum conditions for measuring
outgoing radiation for the purpose of maximum use of the information con-
tained in the I(v) spectrum. In this study we used the optimization meth-
od proposed by one of the authors [1] and involving the optimum combining
of the radiation of different spectral intervals in different measurement
channels. The choice of the optimum number of measurements (N) is accom-
plished on the basis of the known criterion [2]

A2o?, 2)

where )\k is the k-th eigenvalue of the covariation matrix of radiation
K11 = AquAT, CT% is the dispersion of random error, AT is a transposed
matrix.

Table 1

Eigenvalues }1< (erg/(cm2°sec-sr-cm'l))2 for Different Seasons

K V-1X X-XII -1V
1 0.4135-102 0.4375-102 0.1558+102
2 0.3694 0.2382 0.1565

3 0.3167+1072 0.1480-1072 0.1700+1072

Table 1 gives the first three eigenvalues for three seasons when using co-
variation matrices of ozone content Kgq from [17].

It follows from the data in Table 1 that with the present-day accuracy in
measurements ( O} =0.1-1.0 erg/ (cm?-sec x sr-em~1) with a spectral resolu-
tion AV = 5 cml) the criterion (2) is satisfied by 1-2 eigenvalues.
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Fig. 2. Configuration of optimum plan for combining spectral intervals. a)
for two-channel instrument (N = 2); b) for three-channel instrument N =
3) (with a value of the ordinate equal to unity a channel is cut in to “he
combining operation).

Table 2
3, =0,1 apa/(c,u‘-'-cwc-cp-r.u—‘)l 5 =10 3pe/(c.u'-‘~¢'2;.cp-c,w-l) 0
A ) A ]
(1—3¢/34)-100% (1-~34034)-100%
v 1 A - A
p mh - :q]q-lOO% - 3 q-100%
ligtale % N=3 % ol % V=3
i ] i ! !
=2 é z | = 2|z [=2|=2
1 2131415 6 7181910 I
0.045 0 0 0 |i6,3 77 0 0 0 11,7 77
0,425 0 fo |0 37,4 27 0 |0 [0 |26 27
= 6 7,0 | 4,0 13,7 H0O,H 16,5 3,814,011 4,3 17,4 18.7
10 10,2 { 6,3 19,8 66,0 10,1 1.8]3,115,9125,8 19
20 27,5 128,2 (28,4 [31,5 9, 8,9 125,2 123,6 128,6 9,5
100 33,2 |33, 33,3 |33,8 210 (29,4 [32,9 (33,0 133, 211
- 200 56,5 36,3 57,2 [59,2 26,2 52,8 95,9 155,973 27,0
200 29,5 (28,5 [31,6 40,6 19,4 12,1 25,5 [26,7 34,7 21,7
) 800 $,712.619,4 17,6 32,3 L2107 [11,4 ] 9.8 31,6
A A ) A
S - _ 5
l—--—;ﬂ- 92,0 {94,909, 16/96,61} 77~ =047% 63,8 [94,75/95,49/05,5 lU =035%
u 3 3

KEY:

1. mb

2. erg/(cm?-sec-sr-cm-l)
It can be seen in Fig. 2, which shows examples of the optimum plans with
N = 2 and 3 for the season May-September, that the optimum measurement
channels occupy rather broad and overlapping spectral regions and also
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include sectors in different parts of the band. Computations for other
geasons indicated an absence of significant variations in the optimum
plans.

Now we will proceed to an analysis of the results of evaluations of errors
in the indirect method for different measurement schemes. It should be
noted that in a large number of studies (for example, see [12]) as the
parameters characterizing the error in the method use 1s made of the
relative errors in restoration, determined relative to the true or mean
q(p) or Up3 values. However, taking into account that the relative natur-
al variations of the characteristics of ozone content are relatively

small (12-607%) [17], such an approach can create the impression of a
rather high azcuracy of the indirect method. For example, in evaluating
accuracy it is more correct to use the parameter

20 () =2y (1)
] %4

P ip) = T
characterizing the relative decrease in a priori uncertainty in knowledge
of the profile q(p) after carrying out a satellite experiment ( Oq and <7§
are the mean square q(p) variations before and after carrying out the ex-
periment). The Oq(p) values were computed in this study using the for-
mulas of the statistical regularization method [4].

1

Table 2 gives the ¢h(p) and ?h values for two random error levels: 01
= 1.0 and 0.1 erg/(cmz'sec .srecm~l) for the season May-September. We ex~
amined the following experimental schemes: "full" experiment -- measure-
ments in 20 spectral intervals with a resolution AV=5 cm™ (second and
seventh columns), measurements of outgoing radiation by optimum instru-
ments with N = 2 (third and eighth columns) and N = 3 (fourth and ninth
columns in the table). The sixth and eleventh columns, for comgprative

_ purposes, give the relative errors of the indirect method Oh/q and 0‘/
Ug,q with N = 3. An analysis of the data in Table 2 makes it possible to
.draw the following basic conclusions:

a) The accuracy of the considered indirect method with respect to the q(p)
profile, as followed from the earlier investigations and the informative-
ness analysis which we made, is relatively low. Only in the layer 20-40 mb
is there an appreciable decrease (>20%*) in the a priori uncertainty in
knowledge of the q(p) profile. [Except for the case of a "full" experiment
with 01 = 1.0 erg/(cmé-sec x sr-cm™!) when this decrease is only 8.9% at
the 20-mb level.] Thus, when using measurements of outgoing radiation
with average spectral resolution the method yields information on ozone
content for the most part only below the level of its maximum content.

b) A decrease in the random measurement error by an order of magnitude
exerts a significant influence on method accuracy only in the layers p>

400 mb and p< 20 mb. However, the absolute accuracy increase in these
layers 1s insignificant.
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¢) In most cases optimum two- and three-channel instruments make it pos-
sible to obtain the same or even & higher accuracy in restoring the q(p)
profile as the "full" experiment (20 measurements). [The gain in informa-
tiveness when using a measurement scheme with combined spectral intervals
in comparison with multichannel instruments is ensured by the known nonde-
pendence of the response of heat sensors on the registered radiation flux,
which in turn is proportional to the width of the spectral interval. Thus,
the signal-to-noise ratio is higher for instruments with broad spectral
intervals (optimum plans) than for narrow-band instruments.]

d) With a level of random error 07 = 1.0 erg/ (cm?+sec-sr-cm~l) the ef-
fectiveness of two- and three-channel instruments is virtually identical.
However, with O= 0.1 erg/(cmz-sec-sr-cm'l) the accuracy in using a three-
channel instrument is somewhat higher than the accuracy of other measure-
ments.,

e) The error in the indirect method with respect to the mean values 7 and
Uojz ( Oh/q and O'U/Uo3 1s small and creates the impression of a high ac~-
curacy of the method).

f) Despite the small values of the relative decreases in a priori uncer-
tainty 99q(p) at most levels in the atmosphere, the considered indirect
method makes it possible to obtain a large amount of information on the
total ozone content (last line in the table). At first glance this result
18 unexpected. Physically this is attributable to the fact that outgoing
thermal radiation in the band 9.6 um is highly sensitive only to varia-
tions in total content Ug,, but reacts weakly to variations in the ver-
tical structure of the q(p) profile. From the mathematical point of view
small values of the remaining uncertainty

A //pnan’ ) dp,d
,U=\, g 5 0 (P P2) dpydp,

(here Kqq is the matrix of method errors) are attributable to the presence
of corre%ations of errors in the indirect method of different signs for
different levels in the atmosphere. This specific structure of the matrix
of errors leads to a compensation of the restoration errors at different
levels when evaluating the accuracy in restoring the total content Uojz.

g) With a high accuracy in measuring outgoing radiation (073 = 0.1 erg/
(cm%-sec*sr.cm™ )) the effectiveness of different satellite systems for
determining Upg is virtually identically high, although in this case as
well there are definite advantages of two- and three-channel optimum sys-
tems., With an error in measuring radiation of 1 erg/(cm?-sec*sr-em~1)

the advantages of optimum schemes are significant (compare %$y = 63.8% for
N = 20 and Py = 94.75% and 95.497% for N = 2 and 3 respectively). We must
note the great advantage of optimum schemes, such as a very weak depesien
of the accuracy of the indirect method on errors in measuring outgoing
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radiation. However, it is necessary to mention that the determined ¢h
values {like the very high Oh/UO values, less than 1%) characterize
the limiting possibilities of the %ndirect method, since in accuracy com-
putations no allowance was made for the errors attributable to errors in
determining the vertical temperature profile, uncertainties in stipulat-
ing the characteristics of atmospheric absorption, influence of cloud
cover, etc. This evidently also explains the substantial understatement
of the theoretical error in the method in comparison with the values ob-
tained in real satellite experiments [12].

The relatively low accuracy in restoring the ozone profile even after op-
timization of measurement conditions requires an analysis of the physical
reasons for this phenomenon for the purpose of seeking ways to increase
it. For this it is necessary to understand what is responsible for the
specific behavior of the Aj(p) curves (Fig. 1). This analysis is carried
out most simply on the basis of the expressions for A;(p), obtained in
a study by one of the authors of the article [5]. In the IR spectral
range for the case of monochromatic measurements of outgoing thermal ra-
diation Aj(p) can be written in the form
’ T ;JB,‘ (P s ,
Apy=— k(o P | g Pl p) ' 3
r

where k(ﬂ/ , p) is the absorption coefficient, By i(p) is the Planck
function, P( 4, p) is the function of transmission from the upper boun-
dary of the atmosphere to the level with the pressure p for the mean
q(p) profile.

It can be seen from formula (3) that the Aj{(p) value at the level with the

pressure p is determined, in particular, by the value of the integral of

the product B, (p)
Ni

- P p)

from the considered level to the underlying surface (po). For the earth's
atmosphere the derivatives 4B/ dp have different signs: JB/d p< O in the
tropopause and stratosphere and JdB/p~>0 in the troposphere. Accordingly,
the Ay (p) values (with P> 0) will be small for all p<ptrop (Ptrop is the
pressure at the level of the tropopause). Such a compensation occurs be-
cause the transmission functions in the ozone absorption band 9.6pm are
appreciably different from zero even for the level of the underlying sur-
face.

Thus, the position of the Ai(p) curves in the troposphere is governed by:
-~ the complex nature of the relationship between variations of radiation
and variations of atmcspheric composition (see formula (3)), determined by
the physics of transfer of thermal radiation:

-- the vertical thermal structure of the earth's atmosphere;

-- by the small optical thicknesses in the region of the considered ab-
sorption band.
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This analysis makes it possible to indicate a possible means for increas-
ing the informativeness of the indirect method. The phenomenon of the
above-mentioned compensation of the contributions to expression (3) will
not be observed under the condition that P(1/, Prr 0. In this case the

- A4(p) curves will be situated above the tropopause Eevel in the atmosphere.
The condition P(V, P = 0 can be realized with a marked increase in
spectral resolution, got example, when using the heterodyne measurement
method [15]. As indicated by computations of the parameters, with a spectral
resolution Av = 10-2-10"3 cmn~l the A{{p) curves for the centers of the
ozone absorption lines were situated substantially above the tropopause.
Table 2 (fifth and tenth columns) gives the parameters which are charac~
teristic of the indirect method with the simultaneous use of measurements
with a high spectral resolution in spectral lines of different intensity
(Vo1 = 1053.978 cm~l, S1 = 500.753 cm/g; Yp2 = 1070.144 cm-l, S2 = 29.744
cem/g; V 03 = 1000.218 cm™ -1, S3 = 13.303 cm/g [11]) and three optimum chan-
nels (Fig. 2). The data cited in the table show that the use of the hetero-
dyne method appreciably increases the accuracy of the considered indirect
method in the upper stratosphere.

In conclusion we will mention other ways to increase the accuracy in deter-
mining the ozone content profile from a meteorological artificial earth
satellite:

a) the use of correlations between the temperature profiles T(p) and the
ozone content. As follows from [17], these correlations in a number of
cases will be rather close. A successful example of realization of such

an approach in the problem of humidity sounding of tPt- atmosphere is given
in [6].

b) Interpretation of measurements of outgoing radiation in the directions
of the planetary horizon. The informativeness of this method is rather
high, specifically with respect to the q(p) profile in the upper atmo-
sphere [14]. The joint use of two geometries of measurements (nadir and
slant), however, involves great difficulties due to the very high require-
ments on stabilization of the meteorological artificial earth satellite
for precise spatial matching of two types of measurements.

c) There is still another satellite method for determining the vertical
profile of ozone content, based on an interpretation of measurements of
scattered solar radiation in the UV spectral region [8]. As indicated in
[8], the Ay(p) curves.of the equation for this method, similar to (1),

are situated above the level of the ozone content maximum. On the other
hand, the UV method gives very little information concerning the q(p) pro-
file in the lower part of the ozone layer. It is evident that joint meas-
urement in the UV and IR spectral regions will make it possible during the
daytime to increase substantially the accuracy in determining the ozone
content profile in comparison with measurements in individual spectral
regions.
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MODEL FOR COMPUTING THICKNESS OF THE QUASIHOMOGENEOUS LAYER IN THE OCEAN
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 59-64

[Article by T. R. Kil'matov and Candidate of Physical and Mathematical
Sciences S. N. Protasov, Pacific Ocean Oceanological Institute, submitted
for publication 6 June 1979]

Abstract: The authors propose a model for com-
puting the thickness and temperature of the
quasihomogeneous layer (QHL) in the ocean.
By the term "lower boundary" of the QHL is
meant the depth at which the energy of tur-
bulence is extinguished by the operation of
buoyancy forces. Mixing is determined from
the similarity criterion. Such an approach
made it possible to avoid difficulties in
parameterization of the production and dis-
sipation of turbulent energy in the QHL. The
results of numerical computations are given.
There is good agreement with observational
data. Evaluations of the mixing coefficient
in the QHL are given.

(Text] 1. Models for a mathematical description of the vertical structure
of the active layer in the ocean are usually divided in the literature
into integral and differential, depending on the equations used [4, 6].
These models can also be divided into two types on the basis of the meth-
od for determining the lower boundary of the upper mixed quasihomogeneous
layer (QHL). The first type includes models in which by "thickness of the
QHL" 1s meant the layer in which there is a balance between the influx of
turbulent energy from the surface and its expenditure in dissipation, and
also work against buoyancy forces [5, 8]. This criteérion was proposed for
the first time in [8]. The second type includes models in which by the
term "depth of the jump layer" (lower boundary of the QHL) is meant the
depth at which the kinetic energy of turbulence is small and comparable
to the work of buoyancy forces [3, 4, 6]. Models of the first type are
integral, whereas the second are usually differential, although this cri-
terion has recently been used in integral models as well [4].
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In models of the first type the principal difficulty is an adequate
description of the production and dissipation of turbulent energy in
the QHL. The second approach, based on solution of the equation for the
balance of turbulent energy in a semi-empirical approximation, is com~
plex 1n realization and gives excessive detail concerning turbulent
structure in the QHL when computing the characteristics of the upper
layer of the ocean at the scale of a season or longer.

In this study we formulate a model for describing evolution of the para-
meters of the QHL in which the determination of thickness of the mixing
layer 1s made using the second approach in the above-mentioned classif-
ication and mixing in the layer is determined from similarity criteria.
Such an approach makes it possible to avoid both the difficulties in para-
meterization of production and dissipation of turbulent energy in the

QHL and solution of the equation for the balance of turbulent energy.

2. We will derive an equation for computing the thickness h and tempera-
ture Tg of the QHL. By the term "lower boundary of the QHL" z = h we
will mean the depth at which the production of turbulent energy, as a
result of shearing instability of mean motion,is compensated by the op-
eration of buoyancy forces. This criterion for discriminating the thick-
ness of the QHL is used in the models in [3, 4, 6]. At the lower boun-
dary of the QHL there must be satisfaction of the relationship

k (%I;j:)z—agglt 0 when z = h. 1)

Expression (1) 1is a direct corollary of the Obukhov formula [6]

k=10,05 k) ]/(721) Fagdl,
in which the right-hand side becomes equal to zero when z = h. We will

neglect advection, the contributicn of salinity to the buoyancy flow and
penetrating radiation (as a simplification).

In (1) k is the coefficient of vertical exchange of momentum, U is the
vector of horizontal current velocity, of is the coefficient of thermal
expansion, g 18 the acceleration of free falling, & gQ is the operation
of buoyancy forces in the QHL.

Equation (1) determines the thickness of the QHL. We will introduce a hy-
pothesis concerning mixing in the QHL. Taking into account the experimen-
tal fact of weak stratification in the considered layer, from considera-

tions of the theory of dimensionality [1] we write

k=dv,h when 0<z<h, (2)
where d is a dimensionless proportionality constant, vy is dynamic velo~

city.
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Expression (2) also follows from the Obukhov formula, averaged with depth
in the QHL with stratification neglected. Formula (2) can be derived from
the Kolmogorov hypothesis for the closing of the semi-empirical turbulence
theory, where the turbulence scale is assumed proportional to the thick-

ness of the QHL. With (2) taken into account, the production of turbulent
energy from shearing instability can be rewritten as follows, using the

classical Ekman relationships for an ocean with the depth z = h, U(h) = O:

- 3 hen z = h (3
TN U 1o et cnsa g ptay=l ’
”(‘a.-‘) = g ¢t (L H2 et cosat e
where
a = Ai/’ iﬂ_
du,

f is the Coriolis parameter.

In order to parameterize the work of buoyancy forces in the QHL a/g—(i we
will examine the equation for thermal conductivity in the QHL

T 9Q )
5 =~ 3; when 0<z<h, )

where Q is the heat flow in the section z with 0<z<h, normalized for
density and heat capacity. In integral models the temperature in the QHL
is usually assumed to be constant with depth. Expanding temperature into
a Taylor series with z = O and retaining two terms of the expansion, that
is, taking into account weak stratification in the QHL, we obtain

aT

~T -9
—o—;)z~7'u % z,

T=T, }-(
where
w— 1 h
Q = T S Qd!.
0
Substituting into (4) the derived expression for temperature and integrat-
ing within the QHL, we obtain the equation
o7, h dQ
h —0:_ “k 4t = Qu - th (5)

where Q,, Q; are the heat flows at the upper and lower boundaries of the
QHL. Taking the double integral of equation (4)

h z

]

with (5) taken into account, we obtain a differential equation for 6
LON LY P L R 6)

which is an ordinary linear first-degree differential equation, whose gen-
eral solution is easily written. The stationary solution (6) will have
the form
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-Q: _%‘ (Qo + Qh)- %)

The general solution of equation (6) asymptotically tends to a stationary
solution (7) when t—»co. With times t t4 = h2(12k)~l to a high degree
there 1s satisfaction of (7); the tx evaluation gives the time less than
which integral models cannot be used. Finally, with (3) and (7) taken in-
to account, from (1) we obtain an equation for computing the thickness
of the QHL:

g
Q= 'din"T[ e (1 +2ecusa-e?a) ' -Q, 8)

Since times greater than tx are considered, from (5) for computing Tp we
have

oTs _ A '
b= Q= Q 9

The system of equations (8)-(9) is similar to a system of the Kraus-Turner
type for computing Ty and h.

3. Now we will investigate the derived equations. For the middle latitudes
from (3) we have approximately

- 'v:s
b5 > g g e, @0

where Uo is drift velocity at the ocean surface.

At the time of summer heating Q;>0, the thermocline is "suppressed" [8],
= 0. In this case, reducing (8) to logarithmic form in the approxima-
tion (10), for the thickness of the QHL we obtain the following formula:

2 U
I v (11)
h._—_z——f—(n,gou) .

For the time of summer heating in the middle latitudes, on the basis of
statistical processing of observational data in [7], the following for-
mula was derived: . :

AL t,:» : v’fj"‘ 15
=0 ——— e = () _—
"= 08 7 Gz~ 00 s (aguo ' (12)

The good agreement of (11) and (12) in the nature of the dependence of
thickness of the QHL on wind velocity, heat flow and the Coriolis para-~-
meter confirms the correctness of hypotheses (1) and (2) incorporated in
the model. In particular, it follows from (11) that in summer to a high
degree h~v,/f, k~v2/f in the middle latitudes. Formula (11) makes it
possible to estimate the unknown proportionality constant d, which is of
the order of d# 0.05, which coincides with that cited in [6] in the Obu-
khov formula. In the equatorial zone ax0; from (8) for the thickness of
the QHL we obtain h = v3/2d0lg Qps that is, h is proportional
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to the Monin-Obukhov scale. With advance into the high latitudes an ever-
greater influence 1s exerted on the thickness of the QHL by the Coriolis
parameter in the middle latitudes as well; as follows from (11), h to a

high degree is proportional to the scale of the Ekman length vi/f. Since

at the equator the main role in the buoyancy flux at the surface is play-
ed by salinity, with allowance for formulas (19) and (20) for the thick-

ness of the QHL at the eguator it 1s possible to write that
3
v

b= g =o'

where g)’rb is the buoyancy flur at the surface as a result of change in

salinity as a result of evaporaticu and precipitation.

Substituting into the formula the characteristic scales Qg = 0, v& = 0.5
cm-sec'l, 7@['0 = -10-4 cmz-sec‘3, with d = 0.05 for a thickness of the
QHL we obtain h = 104 cm, that is, the estimates of d for the middle and

equatorial latitudes coincide.

The Kraus-Turner equation for computing the thickness of the QHL from [8]

- has the form

_ 2G—-D)
Qn-“*;;y——-“'Qm

where G and D are the integral production and dissipation of turbulent en-

ergy in the QHL.

Subtracting (8) from (13), we obtain
3
v
G—D=—-e"(14+2e"cosat+e? )l

On the right-hand side of (14) the only unknown dimensionless parameter
ig easily determined from (11;. It can be seen from a comparison of equa-
tions (8) and (13) at the time of the autumm-winter cooling, when Qg<0
and the role of wind mixing ie reduced, the derived equation (8) is iden-

tical to a model of the Kraus-Turner type (13).

4. Now we will cite the results of computation of the geasonal variation
of temperature and the thickness of the QHL on the basis of data on the

- heat flux Qp and wind velocity V at the ocean surface. The empirical ex-
pression vx = 1.3-10-3 V was used. Since the mixing mechanism is unclear,

a very simple entrainment hypothesis [8] was used:

[c = jump] Qll:“\(ro_‘rc) '%’1

where /L is the Heaviside function of the argument dh/dt, Tg - Tyump 1s the
temperature drop in the jump layer, which was assumed to be constant and

equal to 5°C.
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- The figure shows the results of computations of the thickness and temper-
ature of the QHL on the basis of characteristic mean climatic data in the
middle latitudes (50°N, 145°W) of the Pacific Ocean [5]. The model cor-
rectly describes the seasonal evolution of QHL parameters. The input par-
ameters are stipulated by the first harmonic of a Fourier series, but for
the computed Ty and h there is a characteristic asymmetric distribution
== h in winter, but Ty in summer have a more acute extremum, as is also
observed in the ocean. The seasonal variation of the coefficient of tur-
bulent exchange coincides in character with its estimates made on the ba-
sis of temperature waves [2] — an increase and acute extremum in winter,
a decrease and more gentle extremum in summer. This confirms the possibil-
ity of using the hypothesis (2) for parameterization of mixing in the QHL.

?nﬂm?ﬁm 1

r vinleer 2

0|

750
hm

Fig. 1. Computation of the seasonal variation of thickness (1) and temper-
ature (2) of the QHL and change in the heat flow through the water sur-
face (3), dynamic velocity (4) and coefficient of turbulent mixing ver-
tically (5)

KEY:
1. cm °C/sec
2. cm/sec
3. cm?/sec

. The model gives the following estimates of the coefficient of vertical
turbulent exchange -- in the middle latitudes in summer k ~100 cmZ/sec,
in winter 1000 cm2/sec, in the low latitudes k~103 cm?/sec and varies
little in the course of the year. This coincides with ti:2 computations

- in [6].
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5. The model is easily generalized, taking into account advection, sal-
inity s, and penetrating radiation. Using the reasonings cited in [4]

and the formulation of point 2 with allowance for the enumerated factors,
the total system in the QHL can be written as follows:

OTa 1y 9Ta oTh _ o _
h’ﬁ"“‘”x?{‘*’”v?{-—Qn Qm (15)
as, 0Sa a5, _
ll—d—"'-*'r[x-d'r"*‘lly';y—'—lo—r,.., (16)
- where | . and Fh are the salt fluxes at the upper and lower boundaries
of the QHL.
- For the equation of the flow vector TTX, Wy and vertical velocity w we
L] have: h" oo N :
M= (udz =, T= { vdz =~ =, arn
n ]
P (an_\. ol (18)
W= — | —— ——= ],
ox dy |

The equation for determining thickness of the QHL is

3

]

g (a Qi) = —gp— (e +2cosa )" = g (2Qy—1il) +2 =S (19

Here S is the intensity of solar radiation, 71 is the absorption function
[51,

I ik ! ..;,',‘
v O —_— €
3k (l [ ) p) '

where B ig the sea water absorption coefficient.

R=

The last term on the right-hand side of (19) characterizes the influx of
mechanical emergy of mixing as a result of heating of the water within the
QHL as a result of penetrating radiation and heat loss at the surface. This
effect can lead to considerable mixing in the QHL [5]. Equationm (19) was
derived under the condltion that the equation of state of sea water was
used in the linearized form

p=po |1 —aT 71 (s—35) (20)
7 “or the buoyancy flux at the lower boundary of the QHL it is possible to
write [4] o .
. dh
[c = seas] glaQ,— M) =Agla (To ~ T)—7 (So— )| (T—’”)’ (21)

where Tgeags Sgeas 4Te temperature and salinity in the seasonal thermo-
cline.

The cited model (15)-(21) with respect to physical principles is identical
to the models in [4, 6], but the averaging of the mixing coefficients
with depth in the QHL made it possible to obtain simple expressions for
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the computed characteristics with conservation of all the properties of
behavior of the QHL. The QHL mixing is determined by the single constant
d, which is easily estimated on the basis of (11). Although the cited mod-
el retains the shortcomings of integral models, such as parameterization
of interaction between the QHL and the seasonal thermocline, neverthe-
less all the parameterization variants for integral models of the Kraus-
Turner type can also be used in equation (21).

A further improvement in the model evidently is dependent on the possibil-
ity of an adequate description of mixing in the seasonal thermocline and
interaction at the lower boundary of the QHL.
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COMPUTATION OF CHARACTERISTICS OF THE QUASI-ISOTHERMAL LAYER IN THE
EQUATORIAL ZONE OF THE OCEAN

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 65-72

[Article by A. B. Polonskiy, Marine Hydrophysical Institute Ukrainian Acad-
emy of Sciences, submitted for publication 23 July 1979]

Abstract: The author proposes a stationary
two-layer model of a baroclinic ocean, in-
cluding the equator. The model generalizes
the formulation of the problem im [7] in
the case of allowance for an isothermal
layer. It is shown that it describes quite
well the principal characteristics of dis-
tribution of parameters in the isothermal
layer in the equatorial zone.

[Text] Introduction. The discovery of a system of countercurrents in the
equatorial region has stimulated studies devoted to a description of the
equatorial zone of the world. A review of the studies made up to 1973 was
given by Philander in [17]. A concise summary of the results obtained dur-
ing recent years is given in the review {9].

We note the circumstance that the purpose of the overwhelming majority of

the studies, in particular, is a description of the observable features

in the velocity field. Considerably lesser attention is devoted to the

very important peculiarities of the temperature and density fields in the

surface layer (in particular, formation of the quasihomogeneous layer

- (QHL) at the equator). This is probably attributable to the fact that in
the equatorial zone there has been unsound use of relatively simple one-
dimensional models of the QHL assuming a secondary importance of the in-
fluence of large~scale circulation on formation of the QHL [5]. Observa-
tions show {11] that the principal element in the equatorial large-scale
circulation —— the subsurface countercurrent -- is closely associated
with the QHL. The core of the countercurrent is concentrated in the ther-
mocline, directly under the QHL, rising together with the latter from
west to east toward the surface. On the other hani, the thickness of the
thermocline at the equator decreases to 150-200 m [17] and becomes com-
mensurable with the thickness of the QHL. Thus, in contrast to the middle
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latitudes, the equatorial QHL can evidently be described only in the
framework of models of large-scale circulation. It is interesting that
the first attempt at computing the thickness of the QHL in the equatorial
zone, undertaken by Reid [18], was essentially based on similar consider-
ations. The objectives of this study are computation of QHL characteris-
tics in the equatorial zone within the framework of a stationary integral
model describing the principal features of large-scale circulation and
clarification of the role of different factors in formation of the ther-
mal structure in the upper layer of the ocean.

Formulation of Problem and Solution Method

We will 1limit ourselves to an examination of stationary circulation and we
will neglect barotropic pressure gradients. The results obtained in [4, 6-
8] show that this approximation works well both in the middle latitudes
and in the equatorial zone. In the equations of motion we will neglect the
nonlinear terms and lateral exchange will be taken into account by the in-
troduction of dissipative terms in the Rayleigh-Stommel form. Within the
framework of such an approach many results were obtained in the modeling
of equatorial circulation (for example, see [10]). Then the initial system
of equations is written in the following form:

A=, Y 3 T .. 1)
“,a;Z _’ru _f_f»v:__g a -6;-5 7{12, o ,
9%y v = g2 J,_m Tdz @)
N Pt Ju--rv=g dy 5 z,
aT , o7 oT _ 0Q L (3
voge b UGy hwy = g kAT,
divo =0, 4)

The Oz-axis is directed downward, the Ox-axis to the east, the Oy-axis to
the north. The following notations were used in (1)-(4):

t,=— W, t,m=--vw, Q= —w/

T 18 the temperature deviation from some standard value in the deep layers.
The remaining notations are those in general use.

We note that in this formulation no assumptions are made concerning the
mechanism of vertical turbulent exchange for momentum and temperature. In
writing (1)-(4) we neglected the influence of salinity on density, assum-
ing a linear correlation between density and temperature. The heat flows
and frictional shearing stress are stipulated at the ocean surface. The
rate of flow and temperature decrease with depth.
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Then we introduce a model for temperature: at the surface there is a mix-
ed isothermal layer of the thickness h with the temperature Tp; below the
temperature decreases exponentially:

TO when z<h
7, c&kp (-————) when z> h. (5)

The ¢ parameter is selected in such a way that in the temperate latitudes
we obtain an expression close to the well-known Nedler solution [15, 19],
but in the equatorial region the thickness of the thermocline was 150-200
m. Adhering to [7], we will assume ¢ =Y £2 + }\Z-ITl, where )\ and ¢ are
constants characterizing the thickness of the thermocline. The introduction
of A makes it possible to avoid a singularity at the equator present in the
special Nedler solution. The model (5) is a generalization for the case of
presence of an isothermal layer in the thermocline model proposed in [7].

By stipulating the vertical thermal structure of the ocean we deprive our-
selves of the possibility of using system (1)~(4) in differential form and
can satisfy it only in an integral sense.

First we will integrate (1)-(4) within the limits of the QHL. Assuming that
the QHL coincides with the friction layer, with (5) taken into account, we

obtain: 2
rsn+f9h~ga [—~(/z b+ T ] (6)
oy 7St s" =g (L/z —.—)m Ty *—‘i'f-f—’}. ‘ "
x0T oT, ®
Sk ox +S; dvn =qo—qu+k RAT,
ast osh on oh )

rra 'I'W—uh?‘;_vhw‘*‘wh: .

Here ’50 x and ’ﬂ are components of wind shearing stress, q; is the heat
flow at the surface, Uy, Vh, W, qh are the three components of velocity
and heat flow at the lower boundary of the QHL.

We will assume that the heat flow is continuous at the lower boundary of
the QHL. Then -

¢, = lim (— k i) = —krli : (10)

1=h-t0 Tooz

In (10) kp is the coefficient of turbulent thermal conductivity at the
upper boundary of the thermocline. Expression (10) was used earlier in
[16].
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Now we will integrate equation (3), written in divergent form, from h to
SO, Assuming that the heat flow asymptotically attenuates with depth
and using the condition of continuity of velocity at the lower boundary
of the QHL, with (9) taken into account we obtain:

sh
d\'

* 9" 0
%—‘quz-{-—a'—f'zﬂdz-{ 7‘0( + -~
) .

h

) =q, bR, TaTde. an

i

The system of equations (6)-(8), (10), (11) is closed relative to Tg, h,
Sx, v’ dh. The velocities u and v outside the QHL are unambiguously ex-
pressed from (1)-(2) through the gradients Tg and h.

Now we will transform the derived system. Solving (6)-(7) for Sh and Sh

we obtain
5 _ 07 h* . M
S | S-h— gar (f’l = 2)"‘ rn"_'_ +roy.
E rea e v - (12)
o7, Con d (A Lr)'
_ g’f[‘,y (Ch'w 2)<7}, T]—/:w
r 4_/'.' * . »
L s [/} (h + )
y ri_! 11
a7l A foh :
cof ‘ar\(ch 5 ) I.Jz£~] St (13)
7 +f’-' ‘ :

Performing integration on the right-hand side of (11) and expressing N
by means of (10), we rewrite (8) and (11) in the following form:

zh ok RT, | &T, o 9T, | o OT.\
k(o5 - T)“H(’a“\— )“('aro_x" . ﬂyi"ap)‘
To(f.0h \? o L kT
+ 1 (-a}.-)Jf( )]+Tod),+2 }+—— =
9 7 a7 ost  ost (14)
=g [ uTdz o [ Tde 47, (m- L2 )
2T o7, or, o, | kT,
. kll( + ) Shom - Sh = — g+ L (15)-
In (14): T . oh T, 3 b oh
= geTue|r (G2 a) (5 e by )|
g ulTdz = . GEYD) '
i,
oT, h 3 o a7, o
o —gaTye r(-d—y-r—:- To-%y—l- -:-TTn—a—y--)—f(”x ct+ T, < )i
g vTdz = ' TRV T
h ‘
83

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

FOR OFFICIAL USE ONLY

Thus, system (12)-(15) of second-degree differential equations relative
to Tgp and h was derived. The unknowns SD and Sg can be avoided by sub-
stituting (12)-(13) into (14)-(15). This gives a system of two equations
of the eliiptical type relative to Tp and h. However, since the solution
is sought by the successive approximations method, we will retain the de-
rived system unchanged. This makes it possible to avoid unwieldy expres-
sions.

After transformation to dimensionless form in (15) with higher derivatives,
small parameters appear, evidence of presence of boundary temperature lay-
ers. Since S§ can change sign with approach to the equator, assuming a
positive value due to the existence of the subsurface countercurrent, it
is natural to expect that near the equator the temperature boundary layer
is formed at the eastern boundary. However, in contrast to [7]1, this can
occur only when there is an adequately accurate description of the subsur-
face countercurrent. Only in this case will Sg be a sign-variable value.
Such a difference 1s associated, to be sure, with allowance for the QHL

in our case. Ty is determined in this case from an equation describing

the heat balance within the limits of the QHL, whereas in [7] Tg was de-
termined from a similar equation for the thermocline, used here for de-
termining h. Terms with small parameters also appear in (14). In prin-
ciple it is possible to simplify the initial system for the inner region,
neglecting terms with small parameters. But in this case as well it is

not possible to obtain an analytical solution. Therefore, we will numer-
ically solve the nonlinear system (12)-(15) in full form.

Now we will discuss the problem of boundary conditions. Observations show
[13] that at the equator there is good satisfaction of the symmetry con-
dition for Tp and " "

/l(dln oh

oy ¥ =0 =0y |,\'=": 0)‘

at the western and eastern walls it is reasonable to set "nonflowthrough"
conditions and the condition of absence of a heat flow; this will give
two conditions for h and Ty. In this case the integral heat flow and the
total flows at the northern boundary should be stipulated taking into ac-
count the integral heat balance in the entire region. However, two com-
plications arise in this case. The first is computational in nature and
is related to the type of boundary conditions at the western and eastern
walls (oblique derivatives). The second is fundamental in n.cure and
follows from the uncertainty in stipulating the boundary conditions at
the northern boundary. Therefore, we will limit ourselves to solution of
the problem with a stipulated distribution of Tp and h at three boundar-
ies. The specific types of boundary conditions will be discussed in de-
tail below.

The problem is solved in the following way: on the basis of the stipulated
h and Tg fields we compute Sk, sh, asg‘i/ax, dSh/dy and the integrals
on the right-hand side of (14). %hen we solve (1X) and (15) for h and Ty
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respectively. The resulting h fizld 1s used in computing Tg- Then the
entire operation is repeated until the convergence test is met. Equa-
tions (14)-(15) are solved by the stabilization method using an implicit
longitudinal-transverse scheme of the first order of approximation. The
relative error Tp in two adjacent intervals of fictitious time (A t) was
selected as the stabilization test, When an error of a stipulated value
£ is artained the process is considered

The problem was solved in a rectangle measuring 4,400 x 660 km. The x and
y intervals were varied for checking the finite difference scheme. In the
main computation variant we used a uniform grid with a 400-km interval
along x and 60 km along y. The values of the principal constants are giv-
en in Table 1 (in the cgs system).

Table 1

p A ky ky r 3 € At

2:10-1 | (1,5+2)-10-5 1 10 10--¢ 10-9 10-2 30

The value kp =1 cmzlsec is now the generally accepted evaluation for the
effective coefficient of turbulent exchange in the thermocline [3]. The
cited A and cj values give for the equator a thickness of the thermocline
200 m, and in the middle latitudes -- about 1,200 m, which corresponds to
the generally accepted concepts [17].

The time interval is seiected empirically. In most computation variants a
constant heat flow qp = 10-3 cal/(cm?-sec) was stipulated at the surface,
which is characteristic for the equatorfal zone [2], as well as a zonal
wind. The shearing stress value was varied from -0.2 dyne/cm2 to -0.5 dyne/
cm?. An experiment with a linear increase in wind velocity from east to
west from -0.2 to -0.75 dyne/cm? was carried out for clarifying the role
of zonal nonuniformity of the wind.

Principal Results of Computations

Since the presented formulation is a generalization of the model proposed
in [7], it is interesting to compare the results of numerical experiments
with an identical choice of the principal parameters and boundary condi-
tions for the purpose of clarifying the role of the QHL in the formation
of large-scale thermodynamic characteristics of the equatorial zone of
the ocean. [There is still another fundamental difference in this model
associated with allowance for horizontal turbulent exchange of heat. How-
B ever, the influence of this effect for the most part does not extend be-
- yond the limits of the thermal boundary layers.] For this we will seek
a solution of the problem with constant values stipulated at the boundar-
ies and Tgp = 21°C, h = 10 m, A= 1.5-107 gec™l, £ = -0.2 dyne/cm2.
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The results of the computations are given in Fig. 1 together with similar
results taken from [7]. The principal peculiarity characteristic for both
experiments is a well-expressed bunching of the isotherms in the western
part of the basin. The eastern boundary layer in our case is absent. This
is attributable to the fact that Sg 1s everywhere negative with the boun-
dary conditions used.

y- 102 nm
a)
dot
0 L L
20520 20 22 20,5 x10me
- 2 1071
52 .
7 \ '
A
0 1 T . N et
2 4

& X10%m

Fig. 1. Tg distribution with stipulated conetant temperature at three boun-
daries of basin. a) according to results of numerical experiment with al-
lowance for h, b) from [7] (scale not maintained).

The temperature gradients in our experiment are considerably less than the
values obtained in [7]. This is attributable to two factors. First, the

- heat flow at the lower boundary of the QHL (in [7] serving as the surface
heat flow) in our variant is about 10~3 cal/(cm2-sec), which is an order
of magnitude less than the value adopted in [7]. In order to obtain qy ~
10~2 cal/ (cm?-sec) we must increase kr by an order of magnitude, which
contradicts the generally accepted evaluations. Second, a considerable

- contribution to the baroclinic pressure gradient is made by the h gradi-
ent, in the absence of which the role of the Tp gradients 1s exaggerated.
In particular, the conclusion is drawn in [7] that there is an unambig-
uous relationship between the equatorial subsurface countercurrent and the
Tp gradient in a zonal direction. In our case an equally important role is
played by the h gradients.
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Fig. 2. Distribution of temperature (a) and thickness of QHL (b) with var-

iable Tp and h at boundaries.

In order to clarify the possibilities of the proposed model for adequately
describing the large-scale characteristics of distribution of QHL para-
meters we carried out a numerical experiment with boundary conditions
simulating the real Tg and h distribution [13]. In a zonal direction there
is stipulation of a temperature drop of 3.5°C and a thickness of the QHL
of 35 m. Figure 2 gives the results of computations with T = -0.2 dyne/cm2
and A = 2.10-5 sec™l. At the eastern wall a boundary layer is formed
which 1is expressed both in the Tp_field and in the h field. Sg at the
equator attains values 3.1-10° em2/sec with a QHL thickness equal to 49

m. This result agrees rather well with observational data. There is poorer
description of the effect of a decrease in the thickness of the QHL and a
decrease in temperature with approach to the equator. It is known [13]
that the dropoff in thickness of the QHL in a meridional direction ’
limits of a 2-3° zone near the equator attains tens of meters and Lo apera-
ture -- more than one degree. The computations give values which are an
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order of magnitude less. The main reason for this is evidently the neglect-
ing of the vertical advection of heat within the limits of the QHL. In
actuality, the vertical and horizontal advection values have the same or-
der of magnitude for the real conditions existing in the equatorial zone.

It is interesting that the local characteristics of the wind field are

the main reason determining the observable peculiarities in distribution
of thickness of the QHL. With any wind of an easterly direction the thick-
ness of the QHL increases from east to west.

Conclusions

1. The characteristics of the QHL in the equatorial zone are closely relat-
ed to large-scale circulation. This is manifested, in particular, in a 1el-
atively weak dependence of temperature and the thickness of the QHL on
local conditions at the ocean surface.

2. Zonal nonuniformity of the wind (intensification from east to west) in-
creases the zonal baroclinic pressure gradient and thereby intensifies
the equatorial subsurface countercurrent.

3. Within the framework of this formulation the gradients of thickness of
the QHL are an important factor forming the baroclinic pressure gradient.

4, The proposed model for the most part correctly describes the large-scale
peculiarities of characteristics of the QHL in the equatorial zone of the
ocean. The principal shortcoming of such models applicable to the equator-
ial zone evidently must be considered the neglecting of the vertical ad-
vection of heat in the QHL.

In conclusion 1 express sincere appreciation to N. B. Shapiro and A. A.
Serebryakov for assistance In the work and useful comments.
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UDC 551.467.3(98)
OPPOSITION IN ICE REDISTRIBUTION IN THE WATERS OF THE FOREIGN ARCTIC

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 73-77

[Article by Candidate of Geographical tS:iences V. I. Smirnov, Arctic and
Antarctic Scientific Research Institute, submitted for publication 12
July 1979]

Abstract: The presence of an opposition in
the redistribution of ice in the western
and eastern reglons of waters of the for-
eign Arctic has been detected. This oppo-
sition is manifested in the ice coverage
and areas of ice masses. The opposition

is manifested with particular clarity in

the displacements of the Baffin and Alaskan
ice masses. The mechanism of opposition for-
mation is described.

[Text] The "mirror reflection" in the course of ice coverage in the Chukchi
and Barents Seas was discovered by V. Yu, Vize [1] at the beginning of the
1920's. Then he suggested that this property is characteristic of ice
conditions in the near-Pacific Ocean and near-Atlantic Ocean parts of the

Arctic Ocean. Proof of such an opposition in ice conditions later was pub-
lished by V. Itin [6].

In his classical study devoted to the principles of long-range ice fore-

casts for arctic seas, V. Yu. Vize [2] confirmed the presence of this op-

position in ice conditions of the near-Atlantic and near-Pacific parts of

the Arctic Ocean, And whereas in his first study [1] 1n 1926 he felt that

the reason for the opposition was oscillation of the arctic wind divide,

later [2], in 1944, he stated that changes in the intensity of atmospheric
_ circulation are the reason for the opposition.

The reality of existence of the opposition between ice conditions in the
western and eastern regions of the Soviet Arctic after almost 30 years of
accumulation of observational data on ice was mentioned in the studies of
N. A. Volkov and B. A. Sleptsov-Shevlevich [3], Yu. V. Nikolayev, E. I.
Sarkhanyan [7] and V. F. Zakharov [4, 5], who examined the presence of an
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opposition between the near-Pacific Ocean and near-Atlantic parts of the
Arctic Ocean in the examples of the variability of their ice content, ice
continuity, times of onset of ice formation, quantity of pack ice and var-
iability of its boundaries, air pressure differences at representative sta-
tions and air temperature differences. The near~Atlantic part includes the
Kara Sea, Laptev Sea and the western part of the East Siberian Sea; in the
near-Pacific Ocean part -- the eastern part of the East Siberian Sea and
the southwestern part of the Chukchi Sea.

The opposition in the redistribution of ice conditions in the western
(eastern part of the Chukchi Sea and the Beaufort Sea) and eastern (Baffin
Sea, Greenland Sea and Davis Strait) regions of the foreign Arctic was for
the first time discovered by the author in an aralysis of displacements

of ice masses [8]. It was found that in 14 of 17 cases (82%) with favor-
able or unfavorable displacements of the Alaskan ice mass the displace-
ments of the Baffin ice mass were opposite in sign. For example, in 1955
the Alaskan ice mass in June-October occupied southerly positions unfavor-
able in navigational respects, with its southern periphery toward the
shore. The total extent of the "bridges" of solid ice in this sector of the
Northwestern Sea Route during the entire period attained 200 miles.

On the other hand, the displacéments of the Baffin ice mass during June-
September 1955 were extremely favorable. Already in the second 10-day
period in June the mass was displaced to a westerly position and between
its eastern periphery and the shores of Greenland there was rarefied ice
or open water. The width of this zone attained 50 miles or more. Beginn-
ing in mid-June ships could sail to Lancaster Strait without assistance
of an 1icebreaker.

During the navigation season of 1968 extremely favorable displacements of
the Alaskan ice mass made the movement of ships possible at an extremely
carly time (from the second half of July) without the accompaniment of an
icebreaker. Open water was observed most frequently before November be-
tween the shore and the southern periphery of the mass. The width of

this zone was 30-100 miles or more. The displacements of the Baffin ice
mass were unfavorable in 1968. The ice mass withdrew from the shores of
Greenland at an extremely late time —- late in July. The navigation of
ships without icebreakers became possibi- only in late July - early Aug-
ust. The difference between the times of beginning of ship navigation

in this sector without icebreakers in 1955 and 1968 was about 1.5 months.

Opposition in displacements of the masses was attributed to differences in
the intensity of anticyclonicdrift of ice in the Arctic basin and a drift
flow of ice into the stralt between Greenland and Spitzbergen. It was pos-—
tulated that such a variability in the directions and rates of drift does
not occur in individual small sectors, but with the drift current as a
whole or with the eastern or western branches of anticyclonic drift.
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The mechanism of the effect of the East Greenland ice flow seemed to be
as follows. With its intensification there will be unfavorable displace-
ments of the Greenland eastern and Greenland northern ice masses and an
increase in their area. Since this process is accompanied by an intensif-
ication of the East Greenland Current, there will be an intensification of
the West Greenland Current, and as a result, the Canadian and Labrador
_ Currents, which in turn leads to an unfavorable displacement of the Baffin
_ ice mass. But the manifestation of individual elements of this process may
also be asynchronous. On the other hand, with a weakening of the flow
there can be favorable displacements of all the eastern ice masses.

A subsequent analysis of the redistribution of ice conditions in June-Octo-
ber in the western and eastern regions indicated that the opposition is
also manifested in ice content, areas of the ice masses and other charac-
teristics of ice conditions. Thus, the relationship of the ice content

of the Beaufort Sea in August and the Greenland Sea in July has the oppo-
site sign. Its guaranteed probability is 73% with an admissible error of
320% in the amplitude of changes in the ice content of the Greenland Sea
"in July.

A comparison of the areas of the Alaskan ice mass in September and the Baf-
fin ice mass in July also confirms the presence of an opposition. In 10
cases of 14 (71%) with the area of one ice mass greater than or less than
the mean annual value, the area of the other had the opposite sign of the
anomaly. This correlation has a guaranteed probability of 79% with an ad-
missible error +20% in the amplitude of the changes in the area of the Al-
askan ice mass in September.

This phenomenon is most indicative in the example of the relationship of
changes in the area of the Alaskan ice mass with the outward transport of
ice of thousands of square kilometers from the Arctic basin into the
Greenland Sea. For example, the correlation between the area of the Alaskan
ice mass in July and the transport of ice into the Greenland Sea in June
and July has the opposite sign with a guaranteed probability 75%. The
correlation between the area of the Alaskan ice mass in August with the
transport of ice in June-July has a guaranteed probability 87%, and in
September — with the mean transport during the period of the preceding
October - September of the current year -- 80%.

All these correlations once again confirm that the opposition between the
redistribution of ice in the western and eastern Greenland regions is a
consequence of changes in the intensity of the transporting flow, and also

- anticyclonic drift as a whole, and not in their individual sectors and is
manifested in changes in the direction and velocity of ice drift, the
width of the transporting flow and other phenomena observable with syn-
chronous movements of drifting stations, buoys and ice islands.

Such an "opposition" distribution of anomalies of ice content and the are:
of ice masses in the western and eastern regions occurs most frequently
with some time shift, on the average equal to one or two months. In such
cases the sign of the anomaly in the eastern region is formed sooner than
the opposite sign in the western region.
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In addition, the forming of the sign of anomalies in the eastern region
is caused by atmospheric processes in the northern part of the central
region. A confirmation of this 1s the correlations between changes in

the area of the Baffin {ce mass in June and July and the sums of mean
monthly differences of air pressure in January-June along the 1ine Cam—
bridge Bay-Alert. Whereas in January-June there was a predominance of

air flows of the westerly quadrant, in June and July the area of the Baf-
fin ice mass in approximately 80% of the cases exceeded the mean long-
term area by a value equal to half the positive sum of the mean monthly
pressure differences for January-June. In the case of a positive sum of
the pressure differences (predominance of air flows of the easterly quad-
rant) the area of the ice mass was less than the mean long-term area on

- the average equal to half this sum.

With the prevalence of colder westerly flows in January-June the Baffin ice
mass increases not only in its area, but also with respect to the thick-
ness of the ice from which it is formed. As a result, it also persists a
longer time in unfavorable positions. However, the predominance of less
cold flows of the easterly quadrant causes the formation of anomalies of
the other sign.

As already mentioned, the Baffin ice mass consists primarily of one-year
ice. The perennial ice predominating in the Canadian northern, Greenland
northern and Greenland eastern ice masses replenishes Baffin ice in ex-
tremely insignificant quantities. This gives reason for assuming that the
opposition in the redistribution of ice conditions in the western and
eastern regions to a high degree is caused by atmospheric processes in the
northern parts of the central and eastern regions.

- The opposition in the redistribution of ice conditions in the western and
eastern regions, in addition to all else, can also be used for prognostic
purposes. The presence of a time shift in the forming of a particular sign
of the anomaly makes it possible, in particular, already in June, using
the known area of the Baffin ice mass, to judge the possible area of the
Alaskan ice mass in July or on the basis of the ice content of the Green-
land Sea in July to judge the ice content of the Beaufort Sea in August.
With a high probable success the prognostic dependences for one of the
regions can be used for predicting the redistribution of ice in other re-
glons.

The ascertained reasons for the opposition in the redistribution of ice in
the western and eastern regions once again confirm that the principal factor
responsible for the existence of ice masses in the waters of the foreign
Arctic is the outflowing cold currents, transporting ice from the Arctic
Ocean or its seas. However, there are peculiarities in the formation and
existence of each of the ice masses.

For example, the Alaskan ice mass is formed due to the stable runoff of

ice along the eastern branch of an anticyclonie drift. According to data
- from observations of drift made by American stations (T-3, ARLIS-2, and
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others), buoys and ice islands, the general direction of their displace-
ment during all the years of observations in the region between 73 and
80°N was toward the southwest. The possible width of the ice flow was
not less than 200 miles. In the region 72-73°N this flow turns toward
the west. This turning is caused in winter by the presence of ice along
the shore, and in summer by the prevailing winds of the easterly quad-
rant and the backwater of the Mackenzie River. Thus, the year-round ex-
istence of the Alaskan ice mass is caused by the temporal stability of
- the southwesterly transport of ice along the easterly branch of an anti-
cyclonic drift. Several peculiarities of this transport can be pointed
out.

It is possible that the drift velocity in winter is greater than in sum-
mer. For example, the drift of T-3 in April-September was slower in com~
parison with the drift in October-March. As an average for four half-
years the drift velocity in April-September was 1.6 mile/day and in Oc-
tober-March — 2.2 miles/day. However, the velocity of the southwesterly
. drift of four ice islands forming near Ward Hunt Island in August 1961 -
- April 1962, according to data for June - September 1963-1967, on the
average was the same as during the period October-May -- about 2.0 mile/
day.

If the movements of individual ice islands (T-1, T-3) and stations (SP-2,
3, 11, 12, 16) are considered, in the anticyclonic drift it is possible

= to discriminate two ellipsoidal orbits with a common center in the re-
glon 77-78°N, 145-150°W. The longer axis of the outer orbit passes ap-
proximately along the meridian 150°W and in the case of the inner orbit
-~ along the parallel 78°N. On the average their extent is about 1000
and 500-700 miles respectively. The extent of the shorter axes is about
800 and 400-500 miles respectively.

A zone of unstable ice drifts in these orbits is observed in their north-
eastern parts. In these areas there can also be drifts of different direc-
tions. For example, during the perilod August 1961-April 1962 four of the
five ice islands forming in the neighborhood of Ward Hunt Island began
to drift toward the gouthwest, whereas the other (the largest, with an
area of about 200 kmz) began to drift to the east and the southeast. In

- the northeastern parts of the orbits, bounded by 85-87°N and 90 and 140°
W (outer orbit), 80 and 83°N and 120 and 150°W (inner orbit) in differ-
ent years there were drifts of stations and ice islands to the northeast,
east, southeast, south and southwest. In addition, these regions are more
slowly moving. The mean ice drift velocities rarely exceed one mile per
day.

A southeasterly branching off from the easterly branch of the anticyclonic
drift causes the formation of the Canadian northern ice mass. It is situat-
ed in very extensive straits and bays in the Canadian Arctic Archipelago.
The existence of this ice mass is caused by the stability of ice drirt
direction and velocity with time. The velocity of the southeasterly ice
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flow in the northern part of the northwestern straits, according to data
on the drift of ice islands during 1962-1966, is about 0.5 mile/day,
whereas the velocity of the moutherly flew in the southern part of the
straits ls 0.2-0.3 mile/day.

The Greenland northern ice mass is formed due to the presence of a branch-
ing of the transarctic ice flow directed into Lincoln Sea, and easterly
drift along the northern shore of Ellesmere Island. The Greenland eastern
ice mass -- this to all intents and purposes is the East Greenland ice
flow. The mean velocity of ice drift is about 4 miles/day.

The formation and existence of the Baffin ice mass is influenced to-an ap-
preciable degree by the Canadian cold current, transporting ice along

- Baffin Island and the Labrador peninsula. With an increase in ice drift
velocity during winter there is an increase in ice productivity in the
mass, whereas in summer there is an increase in ice discharge. With a de-
crease in drift velocity in winter there is an increase in the mean thick-
ness of the ice. In summer there is a decrease in ice discharge. The mean
velocity of drift of the ice islands during 1963-1964 was about 6 miles/
day.

It is characteristic that :he directions and velocities of drift of ice

R islands agree well with the directions and velocities of cold currents
which transport them. The drift velocities of ice islands, in addition,
are dependent on the distribution of ice conditions in the region of their
drift. With an ice continuity up to 10 units, the presence in this case
of up to 7-8 units of perennial ice, as well as large fields of ice breccia
(northwesterly straits), the drift velocity is minimum (averaging 0.2-0.5
mile/day). With a continuity of one-year ice of 9-10 units or less (Baf-
fin ice mass) the velocity of its drift is maximum (averaging about 6
miles/day).

We should note the inertness in changes in the directions and velocities
of currents in comparison with atmospheric processes. However, the redis-
tribution of ice to a greater degree than currents is subject to the in-
fluence of variability of atmospheric processes and especially during sum-
mer. This must be taken into account in preparing ice forecasts.

A good indicator of ice redistributions during summer is ice navigation
characteristics: rate of movement of ships, times required for their pas-
sage along individual sectors of the northwestern sea route. An analysis of
ice navigation characteristics on the basis of data from ice voyages of
ships in the waters of the foreign Arctic in the 16th-19th centuries and
the beginning of the 20th century has shown that superanomalous redistrib-
utions of ice conditions did not occur during these periods. It can there-
fore be postulated that the detected mechanism of interaction between the
atmosphere, ocean and sea ice has been operative in these waters for not
less than 600 years.
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1 UDC 556.16
- METHODS FOR RCGIME AND OPERATIONAL DETERMINATION OF RIVER RUNOFF
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 78-88

[Article by Doctor of Technical Sciences I. F. Karasev, State Hydrolog-
ical Institute, submitted for publication 28 August 1979]

- Abstract: Modern methods for determining runoff
on the basis of hydrometric data are genmeraliz-
ed and analytically interpreted. The various as-

- pects of determination of runoff are defined as
applicable to the purposeful use of the determin-
ed characteristics: for regime generalizations
and operational servicing of the national economy.

[Text] Hydrometric determination of runoff is the basic source of in-
formation on water resources and the hydrological regime of rivers. Its
importance has increased considerably under modern conditions as a result
of introduction of the system for the state determination of waters and
water inventory, broadening of operational servicing of the national
economy and monitoring of the environment. In accordance with the direc-
tions in use of hydrometric data the determination of runoff is accomplish~
ed in two variants: regime and operational. Although these variants of
runoff determination were established a long time ago, up to the present
time there is no needed clarity as to their difference, on the one hand,
and on the methodological advantages, on the other. Moreover, there is a
gap between regime and operational determinations of runoff and these de-
terminations are made in different organizations: regime determinations
at data processing and storage centers and operational determinations in
forecasting divisions. Operational data on runoff, as becomes clear at
the end of a year, in many cases differ by 30-50% from the values pub-
lished in regime publications.

. As is well known, the determination of runoff at river posts ig based on
discrete measurements of discharges and continuous observations of water
levels; this makes it possible to reproduce the runoff hydrograph as a
series of daily water discharges (DWD).
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In the regime variant the runoff is computed at the end of the annual
cycle, so to speak at the last minute, when the entire mass of measure-
ments is available. There are many methods for the regime determination
of runoff (more than 20), which to some degree is attributable to the
diversity of factors determining the channel capacity. But to a consider-
able degree this is attributable to the isolation of development work
carried out at different times.

Operational determination is necessary for hydrological forecasts and the
current monitoring of water volume in rivers. When there is a stable cor-
relation between discharges and levels the DWD determination presents no
difficulties -~ it 1is sufficient that they be taken directly from the
discharge curve Q(H). The task is considerably complicated when there is
an ambiguous dependence between discharges and levels caused by a variable
backwater, channel deformations, ice formation and other factors changing
the hydraulic conditions for movement of the flow. In these cases the
operational computation of the daily discharges requires extrapolation

of the characteristics of channel capacity, registered on the basis of

the results of the preceding measurement. Ill-suited for solution of

such problems are the still-employed Stout, Bolster and other time curve
methods in which a major role 1s played by subj:ctive elements and even
"aesthetic considerations" [7]. The artificiality and schematic nature

of such procedures are becoming particularly obvious with a reduction

(for economic reasons) in the frequency of measurements at hydrological
posts. It would be improper to use these procedures, impoverished in phys-
ical content, for work with an electronic computer.

The perfection and physical soundness of models for determining runoff
should be determined by the pogsibility of their use for both regime and
operational purposes. Recently such models have been created in the Hy-
drometry Division of the State Hydrological Institute [3]. They are bas-
ed on the capacity of the channel registered in the measurement of dis-
charges and factors determining it in the interval between these meas-

. urements.

- In the case of an unambiguous relationship between discharges and levels

in a stable channel the DWD are determined on the vasis of the Q(H) curve
or the measured discharges by levels

Q:an -}-ll,H‘f' <. +amH"“ (1)

The parameters of equation (1) are computed by the least squares method
with 2< m<4.

The analytical structure of models for determining runoff is substantially
complicated with an increase in the number of factors taken into account.
In this case it is desirable to use a multiple linear regression equation
of a general form in which, in addition to the levels it is also necessary
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to include other observational data characterizing the factors on which
the channel capacity is dependent:

i=N .

Y oza, Z X (2)

I+
where X4 represents both the directly measured values and different non-
linear functions of them. It was demonstrated in [5] that the inclusion
of nonlinear terms in transformed form in the linear regression equation
considerably broadens the possibilities of regression analysis.

Now we will examine some models of hydrometric determination of runoff
applicable to factors creating ambiguity in the relationship between dis-
charges and water levels, such as a change in hydraulic conditions (var-
iable backwater and unsteady movement), channel deformation and the ap-
pearance of seasonal obstacles in it (ice formation and overgrowth) .

In the case of a variable backwater, which is observed in the taill zones
of reservoirs and above the inflow of large tributaries into the main
river, the regression equation (2) with Y = Q includes the readings of
the levels at two successive posts -- at the upper X; = Hyp, X = P
and lower X3 = Hlow (the last factor reflects the changing slope of the
free surface).

If the upper hydrometric post is the entry post for the reservoir, the
flow velocities in it must exceed by at least a factor of two the ini-
tial velocity of the hydrometric current meters, that is, will be not

less than 8~10 cm/sec. With regpect to the lower post, insofar as pos-
sible it should be outside the zone of considerable level disturbances
associated with wind-induced level rises and drops and the passage of

waves from the movement of water masses related to the change in dis-

charges at the posts at hydroelectric power stations.

A special problem is the determination of the inertial effects of unsteady
flow movement. In these cases the International Standard IS0-1100-73 rec-
ommends use of the Jones formula, which applicable to equation (2) forms
the variables: /—
QI' 4 / N ___._f;___.li
Vegr N7 [ b (L)
“\Az ) °

where Qp and I, are the water discharge and the slope of the free surface

in.the case of steady movement, B 1is chamnel width, DQ and Az are the

igctements of discharge and level respectively during the time interval
t.

The determination of runoff becomes especially complex in the presence of
obstacles to flow movement -- ice formation and channel overgrowth.

Applicable to the peculiarities of determination of runoff during winter
and transitional periods, it is necessary to distinguish four types of
river regime: I — ice formation without formation of solid ice (frazil
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ice); II ~-- unstable ice cover; III -- prolonged stable ice cover; IV -~
refreezing and ice ncrustation.

One of the most commonly used methods for determining runoff in the case
of a stable ice cover is based on the relative ch.racteristic of channel

capacity
Kyin = Quin/Qps

where Quin 18 the weasured winter water discharge with the level H, Qq
is the water discharge in an open channel corresponding to this level.

The hydraulic dependence for Kyip 1s represented by the Chezy-Manning for-
mula . e e e el

- 05
Kyw=m (1 - —mi-) LI -’ﬂﬂ)
[3MM = wing J] = ice] = T wy nas \ fo ! (3)

where ajice is the area of the submerged ice, 410 and ny are the cross-
" sectional area and the roughness coefficient for an open channel, nyy,
1s the generalized roughness coefficient, I and I,y are the slopes of
an open flow and a flow covered with ice, m is a coefficient taking into
account the relationship of the geometrical characteristies of the cross
section in the presence of ice formations.

In the absence of ice jam or overgrowth blockage it can be assumed that
Ip = Iy4n. If such an equality is not guaranteed, for example, at the
entry posts of reservoirs, as the "control" dependence for determining
Kyin We use a regression equation in which the water discharge 1is set in
accordance with the two levels at the conjugate posts Hup and Hy .

It is more difficult to evaluate the dynamics of changes in channel rough-
ness under the ice: the nyyn value varies from the maximum values during
the initial period of ice formation to minimum values at its end. In
the case of a free channel, both directly prior to the onset of ice phe-
nomena and after opening-up of the river ng/nyq, = 1. These regularities
in the change in ng/nyy, are described by the following empirical func-
tion of time:

— =53,
[3UM = win;  J1 = ice] Mofttyy =1 = 28,070, (4)

where ﬁaice = T/Tyce (T is the time from the onset of ice cover, Tice
is the duration of ice cover.

If the function (3) 1s expanded into a Maclaurin series, limiting our-
selves to the first two terms, and the representation (4) is used, then
applicable to equation (2) we obtain the following set of variables Xis
on which Y = K_;,, is dependent:

-= the roughness factor, represented as a factor of time,
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-- the factor of restriction of the channel by ice

, oA,
Xy = 0w Xy = w) oy

-- mixed factors

2
— -53,. ; -5
’\’:l“m_’| pne R X.’:: ; p.:e a.
0 wl

As 1is well known, ice thickness 1s not measured daily, but is dependent on
the sums of the absolute values of the negative air temperatures t°
which makes it possible in each of the complex arguments X,,...
in place of 4/y., to introduce BO\/}Ztgir(. The structure of the hydraulic-
meteorological model for the determination of winter runoff was so deter-
mined (its idea was proposed for the first time by A. V. Ogiyevskiy).

In the case of unstable ice formation and ice jam~overgrowth blockage,
when tb2 river levels in many cases are above the spring-summer levels,
the coefficient Kyi, loses its definiteness. In these cases it is feasible
to rely directly on the Chezy-Manning formula, which after reduction to
logarithmic form makes it possible to obtain the following composition of

variables of equation (2):
Y=1gQ;

X, = 1g w0 Xy'=1g by leng:l
[B = air; 3MM = win] RS T :

The regression equations are computed separately for each period of ice

formation.

In addition to the hydraulic dependences, in creating models of hydromet-
ric determination of runoff it is also possible to use general physical
laws for the water regime of rivers during winter. One of the peculiarit-
ies of the hydrograph in stable winters without thaws is a dropoff in
water discharge with a decrease in moisture reserves in the basin. The
exhaustion - hydrograph dropoff curve is effectively described by the
Boussinesq formula, used in directly establishing the analytical basis

of the model for determining runoff

- L =ataT+aT

Here Qq is the last of the discharges measured with an open channel, a;
and a; are regression coefficients expressing the regularities in dropoff
of water supply, in particular, exhaustion of ground water supply.

A model based on the regularities of decrease in winter runoff was espec-
lally effective for mountain watercourses carrying frazil ice and refreez-
ing rivers with ice encrustations. In the latter case, in addition to the
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dependence for the decrease in water discharges, it was necessary to in-
troduce the time function expressing the runoff loss in ice formation and
the formation of ice encrustations. The model for determining runoff became
more complex and assumed the form

A Qu i T T\ T A"
(e = daropote] & ria [k e g bl ran (1))

where Tdropoff is the duration of the period of the hydrograph dropoff
branch. The second term on the right-hand side takes into account the
logses of runoff on ice formation.

We will emphasize an important merit of models (6) and (7): they rest on
the discharges Qj, measured with a still-open channel, which are more
Precise than the results of subsequent measurements, especially when
there is frazil ice, ice encrustations and refreezing of the channel.

After the renewal of runoff in the prespring period the DWD are computed
on the basis of an exponential approximation of the ascending branch of
the hydrograph

Q= QmineYs (8)

where Y expresses the regularity of change in discharges with time T,
reckoned from the onset of rise in water volume

Y = 1n Q/Quy, = ag + alT.

The hydrochemical model of runoff determination is especially effective
in the service for monitoring water quality in winter. It uses the in-
verse relationship between mineralization S and water ‘discharges Q with

- H levels in a channel covered by ice. From the conditions of balance of
dissolved substances we can obtain

- Q:uo+—:,‘_—;- +ag%~ 9

The model (9) would not be rational for use in computing the DWD: this
would require time-consuming analyses of the daily water samples, But if
equation (9) was obtained using data from earlier measurements, its merit
is that it makes it possible to determine discharges in each sampling
for monitoring the quality of water at posts where regular runoff ob-
gservations are not made.

During the warm season of the year additional resistances to the movement
of flow are created by water-loving vegetation. As is well known, in eval~
uating the channel capacity when it is overgrown use 1s made of the co-
efficient

Kover = Qover/Qos

where Q,,qo, and Qp are the discharges in the overgrown and free channels
with one and the same level H.
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In this case as well the analytical structure of the model for determin-
ing runoff follows from the Chezy-Manning formula, taking into account
the changing channel resistances as the blomass develops. Its growth is
proportional to the root of the sum of mean daily water temperatures t°
and begins after their transition through some threshold value (10°C

for the middle zone of the European USSR). At the same time there is an
aging and dying-out of first a part, and then the entire mass of water-
loving plants. Accordingly, in addition to determination of the thermal
factor in flow restriction it is necessary to introduce some empirical
function of time in order to describe the influence of 'development-aging"
of bilomass on the roughness coefficient ngyer:

Noyer = (L - P +'64/3)’

vhere A = T/Tover (T is time from the onset of overgrowth, Toyer 18 the
total period of existence of vegetation in the flow).

The complex of variables, established from the Chezy-Manning formula, ap-
plicable to equation (2), 1s as follows:

Y = Kovers

Vorad
X, = VL

= . GEEATEN
/\l = J ,\ = :1" " H
)

. . (10)
SOVEC ., _ gNBEF
X, = ABVEC BB

wy Wy

The general regression equation (2) with the considered complexes of de-
termining factors gives only a first approximation to the DWD values. They
can be substantially refineu if we also take into account the so-called
"regression residuals' which characterize the relative deviations of the
discharges Qpeag j from the Qomp 3 values obtained using equation (2)
on the measurement date:

- Q- Q, J

[ = meas; p = comp] ql:;__la____,
Py

(11)
An example of refinement of the model for determining runoff, based on
the general regression equation (2), will be examined applicable to one
of the most complex cases -~ an easily deformed river channel of the Amu-
dar'ya type, where the scatter of the Q(H) correlation is 25-307%.

A series of measured discharges makes it possible to obtain a chronolog-
ical sequence of discrete values qj, which within the 1limits of an in-
dividually taken phase of the hydrological regime can be considered a
realization of a quasistationary random process akt). Its statistig%l char-
acteristics are: mathematical expectation mq = 0, dispersion D€'= q“ (the

104

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

FOR OFFICIAL USE ONLY

line at top is the symbol for averaging of the set E ) and the auto-
correlation function rq(t). These characteristics are obtained on the
basis of measurements of water discharges, made with an increased fre—
quency, carried out in the course of phase-homogeneous (high- and low-
water) periods.

The a& values by one method or another must be interpolated in the inter-
val between measurements Tpeag. It is best to use the so-called optimum
interpolation of elements developed by L. S. Gandin applicable to meteor-
ological fields and processes [2]. The 94,¢ value on any date in the in-
terval between the measurements is represented in the form of the sum
of the weighted results of measurements of the aa values:
=N <

Gne = ZPir a2
The weighting factors P4 are dependent on the discreteness interval 1:meas
and the time at which the interpolation 1s carried out. The formulas for
determining Pj also include the above-mentioned statistical characteris-
tics [2, 3]. The number of terms in the sum (9) is limited to the two
successive values q3 and q§ 4 7.

Thus, the refined model for hydrometric determination of runoff assumes the
form

1= ~ 13
[K = int] Q:(ao + X 'X.-)U + 45, @

=1

A peculiarity of the operational determination of runoff is that the DWD
is computed in the absence of a full set of measurements for a particular
year. Under these conditions, in addition to the current measurements, it
is natural to base the computations on the long-term characteristics of
channel capacity, that is, on regression equations in the form (2) for

the totality of discharges measured over a series of characteristic years.

The simplest model for operational determination of runoff, based on re-
finement of equation (2) for a long series of years using data from cur-

rent measurements, is =N
Q.: au’_ -|— z 1\’1, (14)
. =1
vhere aoj 1s determined on the basis of the last of the measured discharges
o =N
00/= Q/ bl Zl\’l.
i=1

The apy values are used for determining DWD in the entire time interval
prior %o the next measurement of water discharge. With respect to the
variables Xi (water levels, mean daily water temperature or air tempera-
ture), as is well known, they are measured daily.

A considerably more complex model for the operational determination of
~

runoff is based on the optimum extrapolation of the deviation a3 [3].
Its peculiarity is a decrease in the welghting factor Pj with an increase
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extrapolation interval T,,, so that P;>0 with Tex > 0.

The examined models for determining runoff were applied in the Hydrometry
Division at the State Hydrological Institute in experimental computations
with a "Minsk-32" electronic computer (more than 50 hydrolog‘cal posts in
different zones of the Soviet Union). Models for the winter and transition~-
al periods were subjected to particularly extensive checking. Some of
these, under the direction of V. S. Ryazanov (Upper Volga Administration

of the Hydrometeorological Service), on an experimental basis were used

in operational determination of the runoff of rivers in the Volga basin.
The table gives sample data for characteristic hydrometric posts —- the .
parameters of the regression equations and the characteristics of close- -
ness of the correlation -- scatter Og. and the correlation coefficients
r.

The error in regime determination of runoff oint’ characterizing the ac~
curacy in determining DWD, is evaluated directly by the mean square
scatter of the regression equation O for an individually taken year.
In a rigorous sense this evaluatfon relates to cases when the scatter of
the correlation (2) is caused by predcziniuily hydraulic factors. The
small difference Ogc from the measurement error Omeas Substantially in-
creases the accuracy in computing DWD: in the case of a large number of
measurements as a result of statistical smoothing of their random errors
the Oy, value becomes negligible. In the case of a sufficiently small
measurement frequency (not more than 2-3 per month) the errors in Ogc
assume a systematic character. Accordingly, also in the case of the cor-
relation (2), close to an unambiguous dependence, it is recommended that
it be assumed that Oy, .~ 0.

It is more difficult to evaluate the accuracy in operational determination
of runoff, Its error is some fraction of the scatter Ogc characterizing
the closeness of the correlation (2) over a period of many years. In our
numerical experiments the errors in operational data were evaluated di-
rectly using the difference between the water discharges measured and
computed on the measurement date. Taking into account the totality of

the investigated hydrometric posts the error in operational determina-
tion of runoff was 1.5-2 times greater than in the regime variant, that
is, Ointop = (1.5-2) o—intreg‘

Applicable to equation (2), the use of additional characteristics of chan~
nel capacity a4 makes it possible to extract useful information from the
- "regression residual." The figure shows a comparison of hydrographs for
Kerki hydrometric post for the high-water period 1973: using data from
the hydrological yearbook (1), on the basis of operational data from the
Administration of the Hydrometeorological Service with the use of time
discharge curves (2), on the basis of models of regime (3) and operation-
al (4) determination of runoff. This reveals an unreliability of regime
and operational data from the Administration of the Hydrometeorological
Service during individual periods: the computed hydrograph deviates from
the measured discharges (5), whereas it should smooth their chronological
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series. The computation of DVWD using the scheme (13) ensures a close
correspondence between the hydrograph and the measured discharges and a
virtual coincidence of the regime and operational data.

7000 y

s000}

— 1 ==l = —e—

i A 1 3 1 1
9000 7 "z W0 20
g

Fig. 1. Comparison of measured discharges and runoff hydrograph by vari-
ants of its computation (see text for an explanation of the notations).

The use of the proposed models considerably (by 30-50%) decreases the err-
ors in regime and operational determination of runoff in comparison with
presently used methods. An exception is a model based on the Jones equa-
tion. It is applicable only for rivers with an insignificant slope, but
allowance for the inertial term virtually does not reduce the usual scat-
ter of the Q(H) correlation.

Despite the diversity of the models of hydrometric determinatiorn of run-
off considered above, their common basis is the interpolation of measure-
ment data with the use of hydraulic dependences for channel capacity and
determining its additional factors. A set of the latter virtually always
can be limited to the most informative part, taking into account how sig-
nificant is the difference of the dispersions 0'§c with complete and re-
duced sets of variables Xj (the Fisher test can be used for this purpose).

Evaluations of the accuracy in computing DWD from the totality of the
considered models are close to the values cited in the official publica-
tion [4]. With respect to discharges avreraged for a 10-day, monthly and
seasonal period, their accuracy is dependent on the frequency of measure-
ment of discharges and the statistical properties of errors in computing
DWD. According to our data, the errors in determining the mean 10-day and
mean monthly discharges will be less by a factor of 1.5 and 2-3 respec-
tively than the DWD, and in auny case, are almost an order of magnitude
below the values which can be found in [1]. In this study there was an
inadmissible use of the autocorrelation functions of the DWD series tak-
en from hydrological yearbooks in place of autocorrelation functions re-
lating to the characteristics of channel capacity. This fact is extremely
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characteristic. In many cases different methodological investigations for
the development of algorithms and evaluation of the accuracy in computa~
tion of runoff on an electronic computer are carried out on the basis of
data from hydrological yearbooks, although this indirect information does
not reflect the variations in channel capacity filtered in DWD computa-
tion. All the experience from experimental computations shows that the
use of an electronic computer not only does not reduce, but on the con-
trary increases the accuracy in determination of runoff. However, this

is attained only in a case if the search for the best computation model
1s carried out on the basis of an adequate quantity and high quality of
field data. After the development of a rational method the number of
measurements can be reduced in dependence on the required accuracy of

the computed characteristics.

Models of hydrometric determination of runoff are being developed for
phase-homogeneous periods which are first discriminated by the methods

of hydrological analysis [6]. Not all the operations carried out in this
process can be described mathematically -- much is dependent on intuition
and the experience of the worker. In the future it is necessary to for-
malize the objective criteria for discriminating the regime and data-
checking phases in order for it to be possible to carry out this opera-
tion on an electronic computer.

We note in conclusion that the proposed models for determining runoff
still do not constitute a finalized programming-computation complex. The
creation of a packet of applied programs is the next stage 1n further
research and development.
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OBJECTIVE METHOD FOR EVALUATING THE PROBABLE SUCCESS OF AN INDIVIDUAL
HYDROLOGICAL FORECAST

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 89-92

[Article by Candidate of Technical Sciences G. N. Ugreninov, Leningrad Hy-
drometeorological Institute, submitted for publication 20 June 1979]

Abstract: A new statistically valid test for

evaluating an individual forecast is proposed.

The results of application of the proposed test
’ are given and an example of evaluation of the

forecasts 1s presented.

[Text] The method for evaluating the effectiveness of the forecasting meth-
od presently used by the hydrological forecasting service [2] corresponds
to an adequate degree "o the stochastic essence of precomputation of hy-
drological phenomena. “he procedure for evaluating an individual forecast
is less sound. It invclves a comparison of the error of an 1-th forecast
(A-§i = §i ~ y4) wit’. the admissible error, equal to §= 0.674 Oy, where
Oy is the standard deviation. A prediction is considered successful when
its; error lA§1[ is less than or equal to the admissible error, that is,
layi|<é.

The arbitrariness of such an approach was already mentioned in the intro-
duction to the Instructions now in force [2] for the practical work of oper-
_ ational subdivisions in the hydrological forecasting service [3]. The exper-
ience of 1 1/2 decades of use of the method for evaluating forecasts has
confirmed its inadequate soundness. The success of the forecasts is usually
- maximum at the time of low water. Periods of increased water level are the
least favorable time with respect to precomputation success. The reason for
this phenomenon is that the mean square errors of specific forecasts s 1
vary in dependence on the anomaly of the argument, usually increasing in
the case of positive anomalies [2, 3].

The probabilities of thelgnticipated value falling in a rigorously stipulat-
ed admissible intervalp(y;+3) vary. Hence the nonidentical success of the
forecasts. In principle use should be made of the variable value of the ad-
missible interval
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where s, is the standard error of forecasts. Then the probability of suc-

cessful precomputation using a specific dependence is always identical, .

and for example, with an effectiveness of the method s,/ ¢, = 0.80 is p(yi
y Uy

+ 0.843 Sy,i)” 0.60.

The proposed evaluation method affords specialists preparing forecasts by
one and the same method identical chances for a successful result inde-
pendently of the initial conditions. However, the proposed evaluation
scheme is also far from being objective. The choice of the admissible
interval of variation of the anticipated value is inadequately sound.

The purpose of any forecast is an increase in certainty of our ideas con-
cerning the future state of an object. Every forecast foreseeing the phen-
omenon which occurs with a greater probability than would be possible on
the basis of statistical generalizations concerning the regime of the ob-
ject during the past period must therefore be considered successful.

In order to clarify the problem of the probable success of an individual
forecast it must be remembered that like the anticipated value, the de-
termined value of a hydrological phenomenon is only an approximate evalu-
ation of the actual state of a water body. Any hydrological measurement
is made with some error; strictly speaking, with a stipulated probability
it is possible to confirm only realization of the interval (yi+ B). If it
1s assumed that B= 0.674 O4A,, where oA, is the standard measurement
error, the probability of the true value of the determined hydrological
phenomenon falling in the interval (yy+ B) is 50%, that is, p(y1+0.674
Oay) = 0.50. It should be noted that in many cases the mean square errors
in measurement are dependent on the anomalies of the measured parameter,
that is, Oay,j = f(y;) [1]. For uniformity we will adopt the interval
(y410.674 Uhy,i) as an evaluation of the determined hydrological condi-
tions predicted by the i-th forecast.

The probable success of an individual forecast is checked in the following
way:

1. One of the methods recommended by the Instructions [2] %s the plotting
of a conditional probable success curve with the forecast yji.
2. The conditional probability of the anticipated value falling in the in-
terval (y;30.674 cly,i) is computed:
A A
Py £ 0,674 03y, )|y =P [(y,— 0,674 00y, ) [y -

. A 1)
— P [(y;+ 0,674 55,,3)| y].

3. Using the long-term unconditional probable success curve, the probabil-
ity of realizing the Y value in this same interval is determined:
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p L ObTiaye)=P(y,~0,674 7.5)— Py, + 0,674 3,y ). -

- The conditional and unconditional probabilities are compared. Two cases
- are possible: . A
a) p(y; £ 0,674 ouy, )| y,] > p (v + 0,674 3, y

in this case the forecast is successful (evaluation 1);
6)p|qu(MW4a;ydlgﬂisﬂ(YL50ﬁ74°Aw0
in this case the forecast is unsuccessful (evaluation 0).
The set of forecasts is evaluated using the ratio
N =2 1007, (3)

where m is the sum of evaluations of individual forecasts and n is the
number of forecasts prepared.

The checking of the proposed scheme for evaluation of the forecast was
made using a whole series of both linear and nonlinear prognostic depen-
dences. As the predictable elements we considered water level, runoff,
useful and river (general) inflow into lakes and reservoirs, the dates of
onget of different phases of the hydrological regime. A comparison of the
results of these investigations is a simple task as a result of the dif-
ferent closeness of the relationships, nonidentical laws of distribution
of hydrometeorological elements and other factors. The limitation on the
volumes of homogeneous samples of initial data makes particularly diffi-
cult a reliable quantitative analysis of the aspects of forecasting exam-
ined in this article.

Some general conclusions are the following:

1. The probable success of the method when using the proposed test of pre-
diction success on the average is 5-107 greater than when using the test
given in the Instructions [2]. This result should be expected, since a
correct prediction of at least the sign of an anomaly of the phenomenon
within the framework of the proposed evaluation scheme is an important
prerequisite for a successful forecast. In the case of a clearly express-
ed "isogenic" correlation [3], the differences in the values of the prob-
able successes N and P are relatively small. The probable success N is
computed using formula (3) and the probable success P is equal to

[V
P = — 100%, %)

where Q is the number of successful forecasts according to the test in
the Instructions [2].
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2. All the tests carried out on the basis of more extensive samples (n >
60) unambiguously indicate the virtual nondependence of the success of
forecasts on the anomaly of the phenomenon (if the proposed evaluation
criterion 1s used). The probability of successful precomputation in this
cagse 18 always identical and is equal to m/n, and the mean number of suc-
cessful forecasts in the case of the predictable parameter falling ny
times into the j-th interval is
n

1;\11_: m —"]— (5)
A statistical analysis of this phenomenon was made using the )(2 test
[4]. We considered the deviations of the number of successful forecasts m
- in the realization of the j—th interval from the mathematical expectation
;. In this case, if the sum - A - A
3 ’ 128 (my-— m)): 24 (Amy)?2

T —= Y — ' (6)

j=1 mj J=1 my

is greater than the critical value uj, with some stipulated reliability
of the conclusion it can be admitted that the number of successful fore-
casts my; is not proportional to the number of times the predictable value
falls in the j-th interval. The critical value u; is a function of the re-
1iability of the conclusion P; and the number of degrees of freedom k =

d - 1.

As an illustration of what we have said above we will cite an example of
forecasts of April inflow into the Kamskoye Reservoir. The prognostic de-
pendence has the form

Qov == 84 x + 30 y + 136, ™

where x and y are indirect characteristics of atmospheric processes in
the prespring period.

The long-term range of change of the Qpy parameter was broken down into
d = 6 intervals. The number nj of occurrences of the actual Qpy values
in the j—~th interval was calculated and then we determined the number of
successful forecasts in the realization of each interval of the predict-
able parameter: Ji; is the number of forecasts successful according to
the criterion given in the Instructions [2], m; is the same according to
the proposed test., The results of evaluation o% the forecasts using de-
pendence (7) are given in Table 1.

With a reliability of the conclusion P; = 0.90 and the number of degrees

- of freedom k = 5 the critical value u; = 9.24. Accordingly, the success
in precomputation in an evaluation of forecasts in accordance with the
Instructions [2] is essentially dependent on the anomaly of the phenomenon.
The proposed evaluation scheme is free of this shortcoming. It must be
noted that with allowance for the used volume of the sample (n = 78) the
resulting conclusion can be regarded only as a preliminary evaluation of
the phenomenon.
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Table 1

Results of Evaluation of Test Prediction of April Inflow into Kamskoye
Reservoir

A A
OdbeM "Q,V Qv 3@y, | OGeeneuemtocts z (A1) Z (3 my)?

BRGOpKIL, 2 A ~

n i ! y ) my
1. seen  q Pl N

78 847 1060 263 69 ‘ 8t , 9,94 1,46

KEY:
1. Volume of sample, n
2. Probable success
3. m3/sec

The proposed method for evaluation of an individual forecast, in our opin-
lon, is more acceptable from the scientific and psychological points of
view than the scheme used at the present time [2]. The introduction of the
proposed method into forecasting practice will encourage operational work-
ers to penetrate more deeply into the stochastic essence of prediction and
at the requests of the serviced ciganizations to make more extensive use
of the stochastic form of representation of prognostic information —-- con-
ditional probable success curves. It is important to emphasize that only
in stochastic form can forecasts be used in full measure in the optimiza-
tion of economic decisions. When hydrological forecasters have a clearer
idea about the accuracy of hydrological measurements there will be assur-
ance of a more correct evaluation of the current status of water bodies.
This should also favor an increase in the quality of hydrological support
of the national economy.
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DISTRIBUTION OF CURRENT VELOCITY AND TURBULENT FRICTION NEAR THE WATER-AIR
INTERFACE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 93-97

[Article by Candidates of Physical and Mathematical Sciences N. K. Shelkov-
nikov and L. A. Bukina, P. V. Mironov, Moscow State University, submitted
for publication 20 July 1979]

Abstract: The paper gives the results of an in-
vestigation of the structure of the turbulent
flow of water in an open rectangular channel and
data on the structure of the accompanying air
flow arising as a result of the effect of the
moving water surface on the adjacent air layers.

- Data are given on the vertical distribution of
current velocity and the velocity of the accom-
panying air flow near the water-air interface.
It is shown that in the region of relative dis-
tances from the bottom Y)= 0.91 the current
velocity grad’=nt and turbulent friction assume
negative values, which makes it possible to con-
clude that negative viscosity is absent in this
flow region.

[Text] This paper gives the results of a detailed investigation of the
structure of a turbulent water flow in an open rectangular channel at
Reynolds numbers Re = 2-105—1.2-106, and also data on the structure of
the accompanying air flow arising as a result of the effect of the moving
water surface on the adjacent air layers.

The measurements were made in the axial part of a channel measuring 60 x
50 x 2,500 cm3 at a distance of 50 depths from the intake in the region
of relative distances from the bottom Y¥)= 0.1-0.95 (7= z/H, H is flow

depth, z is the distance from the bottom to the measurement point). The

mean flow velocity was measured with a Kh-6 microcurrent meter.

Registry of the longitudinal u' and vertical w' components of velocity fluc-

tuations was with a V-shaped thermohydrometer [1] with subsequent registry

of signals using a H010-M oscillograph. The instrument was calibrated using
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the fluctuation method [1]. The response of the thermohydrometer to change.
in the longitudinal velocity component in the water was 0.7 cm/sec per 1 mm
of recorder scale and response to vertical variations of the sensor angle
of attack was 0.013 rad/mm. The measurement channel inertia was determined
by the time constant of a platinum thermohydrometer attachment and did not
exceed 0.02 sec. The measurements of the averaged and fluctuation charac-
teristics were made each 0.5 cm with a total flow depth of 20 cm.

The measurement of the mean velocity of the accompanying air flow was made
| | by the fluctuation method in which two single~component thermohydrometers
were spaced along the flow at 13 cm. The flow velocity was determined from
the ratio of the distance between the sensors to the value of the time
shift of the maximum of the cross-correlation function of the longitudinal
components of fluctuations of velocity relative to the origin of reading

[4].
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Fig. 1. Vertical profiles of water current velocity at semilogarithmic
scale, 1) H=10 cm; 2) H= 20 cm; 3) H= 30 cm.

Fluctuations of the accompanying air flow u'yi, and w'air were measured us-
ing a two-component thermoanemometer with a platinum attachment such as

_ ugsed in the thermohydrometer. The thermoanemometer was calibrated in a
special calibration flume by moving the sensor. The thermoanemometer re-
sponse to a change in the longitudinal velocity component was 1.4 cm/sec per
1 mm of recorder scale; 1its response to variations of sensor angle of attack
was 0.35 rad/mm.
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Fig. 2. U -- matched curve of vertical distribution of water current velo-

city and velocity of the accompanying air flow; T, K —— distribution of
coefficient of turbulent friction and coefficient of turbulent viscosity
R in water and in accompanying air flow.

Figure 1, at a semilogarithmic scale, shows water current velocity curves
in a channel. These show that in the subsurface region of the flow there
is a decrease in current velocity, so that the flow has a maximum velocity
- below the free boundary. The depth at which the flow velocity attains a
maximum increases with an increase in flow velocity. The graph also shows
that the mean velocity profile can be approximated by two logarithmic de-
pendences for the subsurface region and for the nucleus of the flow. The
tangent of the slope of these dependences, characterizing the dynamic
flow velocity e
=V
increases with an increase in current velocity. It should be noted that al-
though Nikuradze [5] already mentioned a decrease in current velocity near
the free boundary, nevertheless this fact has not yet received further con-
firmation and it is assumed that the velocity of a flow with an open water
surface up to the upper boundary conforms to the same logarithmic law
(excluding the bottom layer). The large number of measurements which we
made indicated that in the range of velocities from 15 to 80 cm/sec there
is a tendency to a decrease in velocity in the subsurface region. The re-
sults of measurement of water flow velocity with Re = 380-110, carried out
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using a laser Doppler hydrometer [2], also indicated that upyy is below
the free boundary. It can therefore be concluded that in a broad range

of Reynolds numbers (from 110 to 106) the maximum value of the averaged
fluid velocity in an open rectangular channel is not at the free boundary,
as 1s frequently assumed, but at relative distances from +he bottom Yz-
0.9-0.7, depending on the mean current velocity of the water.
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- Fig. 3. Curves of spectral density of longitudinal (a) and vertical (b)
velocity components near the water-air interface.

One of the possible reasons for the decrease in current velocity near the
water-air interface 1s the dynamic effect of a moving fluid on adjacent
air layers, as a result of which an accompanying air movement arises

and water current velocity in the surface layer decreases.

Figure 2 shows a matched curve of the vertical distribution of water cur-
rent velocity and the velocity of the accompanying air flow. The figure
shows that with migration of the interface there is a smooth change in
velocity. This gives basis for assuming that at the water-air interface
the velocities of the fluid and air are identical, that is, the attachment
condition is observed.
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It should be noted that although the decrease in velocity which we regis-
tered in the subsurface region of the flow is small and cannot exert a
significant influence on the discharge of fluid in the channels, neverthe-
jess this fact 1s of fundamental importance for understanding the ex-—
change mechanism at the free boundary. Thus, in accordance with [3], in
the region 11> 0.91 a negative viscosity was noted. Such a conclusion was
drawn on the basis of data on the vertical profiles of the flux of momen-
tum T (z) =p u'w' and the current velocity u(z), according to which T(z)
in the region N20.91 assumes a negative value, and du/dz -- a positive
value, that is, the velocity in the surface layer increases. Taking into
account the oppcsite signs on T (z) and du/dz, the conclusion is drawn
that the coetiicient of turbulent viscosity has a negative value.

According to our data (Fig. 2), there is also a change in the sign on T(z)
at a distance from the bottom 20.9 (for upax = 24 cm/sec). However, in
contradiction to [3], in the region 17z 0.9 the gradient of averaged cur-
rent velocity has a negative value and therefore it follows that the co-
efficient of turbulent viscosity has a positive value. With passage
through the water-air interface both turbulent friction and the velocity
gradient retain negative values and accordingly the coefficient of tur-
bulent exchange in the accompanying air flow is positive, which is evi-
dence of energy transfer from the moving fluid to the accompanying air
flow.

It 1s interesting to compare the spectral characteristics measured in the
subsurface layer of fluid and in the surface layer of the accompanying air
flow. Figure 3 shows spectral density curves for the longitudinal and ver-
tical velocity components, computed using data from measurements of velo-
city fluctuations along both sides of the water-air interface at a dis-
tance of 5 mm (for the air) and 10 mm (for the water) from the water-air
interface. This figure shows that the spectral density function in the
subsurface flow region is characterized by the presence of a maximum in
the region 4-5 Hz. For the longitudinal component of velocity fluctua-
tions the spectral density function in the freguency region from 1 to 4

Hz on the average is close to the law S = n-3/3. For the velocity trans-
verse component this law does not apply. The nature of the distribution
of spectral demsity of the longitudinal and vertical components of velo-
city fluctuations of the accompanying air flow differs somewhat from the
similar curves for the water flow: here there is a more rapid decrease in
the energy of velocity fluctuations with an increase in frequency and the
Kolmogorov-Obukhov 5/3 law is not satisfied. The maximum in the frequency
region 4-5 Hz is observed only for the transverse component of flow velo-
city. For the longitudinal component this maximum is very poorly expressed
and falls within the 1imits of the confidence interval.
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UDC 551.463.5

METHOD FOR MEASURTNG THE THICKNESS OF A PETEOLEUM FILM ON THE
SURFACE OF A WATER BASIN

- Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 98-101

{Article by Candidates of Technical Sciences T. Yu. Sheveleva and M. A.
Kropotkin, N. B, Leus, Leningrad Electrical Engineering Institute, sub-
mitted for publication 31 August 1979]

Abstract: The article gives the dependence of
the intensity of optical radiation transmitted
through a film on the thickness of the film,
the varlety of petroleum product and the radi-
ation wavelength. The authors describe an ap-
paratus which makes it possible, under field
conditions, to measure the thickness of petrol-
eum films at discrete points of an oil slick.
The range of measured thicknesses is from
several micrometers to several millimeters.

[Text] In order to estimate the volume of surface petroleum contaminations
of water basins it is necessary to detect a petroleum slick, measure its
area and determine the distribution of film thickness in the slick. Where-
as the methods for detecting and measuring the extent of petroleum films
have been adequately developed [1, 3], there are virtually no methods for
routine measurement of the- thickness of films. For this reason at the
present time, in order to determine the thickness of the petroleum slick,
the time-consuming method usually employed is based on sampling with sub-
scquent chemical analysis in station laboratoriles.

- This article describes an optical method for routine determination of the
thickness of a petroleum film on the surface of a water basin. The phys-
ical basis of the method is the dependence of the intensity of optical radi-
ation transmitted through the film on the thickness of the film, the varilety
of petroleum product and radiation wavelength. We made an investigation of
transmission by crude petroleums and petroleum products which differed with
respect to denmsity, viscosity and color, in the ultraviolet (UV), visible
and infrared (IR) spectral regions. Table 1 gives the characteristics of
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some investigations of petroleum products. The spectral transmisaion
curves obtained using a SF-23 spectrophotometer and an IKS-21 spectro-
meter are shown in Fig. 1 for two kinds of petroleum, diesel fuel and cyl-
inder oil. The results of the measurements indicated that most of the in-
vestigated petroleums and petroleum products with a thickness less than
lOV m transmit radiation well in the visible and near-IR ranges.

Fig. 1. Transmission of UV, visible (a) and IR (b) radiation by petroleum
and petroleum product films of different thickness. v

Table 1
Physical Characteristics of Investigated Petroleum Products
Petroleum product Density at Viscosity, cst Color
22°C, g/cm?
Diesel fuel 0.75 4 at 20°C colorless
Kerosene X0-20 0.83 2.3 at 20°C colorless
011 AS-8 0.88 8 at 50°C light yellow
Petroleum of deposits:
Neftyanyye Kamni 0.85 5.1 at 50°C black
Sangachaly-sea 0.88 53 at 25°C brown
Surakhany 0.85 13.3 at 20°C black
Peschanyy Peninsula 0.88 28 at 20°C  bright brown
Kyursangya 0.89 156 at 30°C black
Cylinder oil 0.95 28 at 100°C reddish brown

The computations indicate that the intensity of the light flux entering
the water through the film decreases primarily as a result of reflection
at the interfaces water-petroleum (reflection coefficient about 4%) and
petroleum-water (reflection coefficient 0.5%). It follows from the col-
lected data that the transparency of the films is essentially dependent
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on their thickness and the spectral composition of the incident radia-

tion. Films of dark-colored petroleums with thicknesses greater than

100 m almost completely absorb the blue-green part of the spectrum. In

the region of wavelengths 0.6-1pm all the petroleum products absorb poorly.
Petroleums and petroleum products, including colorless ones, extremely
strongly attenuate radiation with a wavelength A<0.4pm (UV and violet
parts of the spectrum). In the IR part of the spectrum all petroleums

have strong absorption bands at wavelengths 2,3-2.4, 3.4-3.5, 6.8 and 7.2

m, and also several weaker bands in the wavelength region 8—159 m.

For measuring the thickness of petroleum films on a water surface it is
most convenicnt to use the wavelength range from 0.3 to 0.8 m, in which
the water has a high transparency. An analysis of the registered experi-
mental values of the indices of attenuation by petroleum and petroleum
products, and also their comparison with the attenuation indices for
water [2] show that the indices of attenuation by petroleum and petroleum
products are several orders of magnitude higher than for water. Accord-
ingly, the thickness of the petroleum film on a water surface can be deter-
mined from the attenuation of radiation with a wavelength A in it using
the expression

L=t kyly, e=1,

where Ina and IA are the intensities of the incident radiation and the
radiation transmitted through the petroleum film, d is the thickness of
the film, ky and kp are correction factors whose values are dependent on
the losses of radiation on reflection at the air-petroleum-water inter-
faces and the design of the sampler, and also petroleum viscosity, X is
the absorption index for petroleum at the wavelength A .

The ky and ¥ values are determined in preliminary experiments. It is in-
teresting to note that lignt-colored petroleum products (diesel fuel,
benzine, kerosene, etc.) have substantially lower values of the absorp-
tion indices and a different shape of the spectral dependence X = f(A)

_ than dark-colored petroleums. For example, with A= 0.4p m the absorption
indices for petroleum in the Neftyanyye Kamni deposit, DZ diesel fuel and
pure water are equal to 5-10~2, 2.10”* and 9-10~6Lm~l respectively. Com-
putations and experiments indicated that the ratio of intensities of radi-
ation at two wavelengths transmitted through a film makes it possible to
make a rough identification of the petroleum products (division into dark-
colored and light-colored varieties) and determine film thickness. Figure
2 shows the dependences I;ed/Iyy on the film thickness for a typical pet-
roleum (petroleum of the Neftyanyye Kamni deposit) and diesel fuel, where
Ired and Igy are the intensities of radiation with A= 0.63um and A= 0.36-
0.38pm transmitted through the film. The figure shows that with film

- thicknesses greater than 5im the value of the parameter Iyqq/Igy fully
characterizes the variety of petroleum product.

The recorded data were used in developing an apparatus for measuring the

thickness of a petroleum film on the surface of a water basin. The ap-
paratus, whose diagram is shown in Fig. 3, on the holder D is submerged
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into the water from over the side of the ship and at the point of meas-
urement of film thickness is raised a little above the water surface. At
the time of submergence the detector B2 is covered by a lid for protect-
ing the entry window against the entry of petroleum and at the time of
measurements it 1s opened. The design of the double vessel makes it
possible to cut out on the surface of the water basin a film which is
situated on the water surface. The water level contaminated by the pet-
roleum film is registered in the vessel by the upper edge of the outer
cylinder. In such a double vessel there is virtual elimination of the
influence of waves on the measurement results. The detector Bl, measur-
ing the intensity of the light flux incident on the film,is situated in
the immediate neighborhood of the petroleum film. Thus, the influence

of water turbidity was made minimum. The detectors Bl and B2 are supplied
with a set of filters overlapping the range of wavelengths from the UV

to red. The choice of the filters is dependent on the thicknesses to be
measured and on the type of petroleum product. For example, for the pet-
roleums of the Neftyanyye Kamni deposits the optimum choice is blue-green
when measuring the thicknesses of films less than 100pAm and yellow-
orange radiation for thicknesses 100-1000(t m. Films with a thickness
greater than 1 mm must be measured with the use of red radiation.
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Fig. 2. Dependence of ratio of inten- Fig. 3. Diagram of optical appar-
sities of red and UV radiations pass- atus. A) radiation source, B1, B2)

ing through film on film thickness radiation detectors, C) double
for Neftyanyye Kamni deposit (1) and vessel, D) holder, E) water, F)
diesel fuel (2). petroleum film

Figure 4 shows the dependences of attenuation of a light flux with A= 0.45-
0.48m (blue color) and A = 0.63km (red color) in films of petroleum and
diesel fuel of different thickness. It should be noted that with extrac—
tion of the vessel from the water a part of the film settles on the lateral
surface of the inner cylinder. The effect is dependent on the geometrical
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dimensions, material of the vessel and also the viscosity of the petroleum;
its influence is reduced by the optimum choice of vessel design and by the
- introduction of a correction factor ky into the measurement results.
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Fig. 4. Dependence of intensity of blue (1) and red (2) light transmitted

‘through films on thickness of films of diesel fuel (3) and petroleums of

Peschanyy Island deposit (4), Neftyanyye Kamni deposit (5) and Kyursangya
- deposit (6).

In a series of laboratory experiments the described optical method was us-
ed in measuring the thickness of films of different types of petroleums
in the range of thicknesses from lpm to several millimeters. The film
thickness was checked by the weight method by pouring a carefully measur-
ed quantity of petroleum onto the water surface. It has been established
that the error in measuring film thickness is dependent for the most part
on the accuracy in determining the % and k; values. This error does not
exceed 20% in a case when X and ky are known (determined in preliminary
laboratory experiments) for the investigated type of petroleum product.
In the case of petroleums and petroleum products not investigated in the
laboratory the measured (by the optical method) film thickness can differ
from the true thickness by a factor of 2-3,

The described apparatus was successfully tested in the laboratory and also
under field conditions from aboard a vessel on the Volga River and on the
Black Sea, as well as from a trestle in the Caspian Sea. The time requir-
ed for making one measurement does not exceed 3 min.
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UDC 631.559:633.11
COMPUTATION OF MEAN OBLAST YIELD OF WINTER WHEAT
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 102-105

[Article by Professor A. R. Konstantinov and D. N. Peradze, Leningrad Hy-
drometeorological Institute, submitted for publication 11 October 1979]

Abstract: The authors investigated the possibil-
ity of computing the mean oblast yield of winter
wheat for specific years for a long time in advance
(prior to sowing). The following determining factors
were selected as the basis for the investigations
(by the residual statistical analysis method in
graphic and computer variants): yield, determined
from the trend, potential yield (read from maps
characterizing the soil-climatic resources for

the potential yield of a particular crop) and the
mean oblast yleld of the preceding year. The close-
ness of the correlation between the actual and com-
puted yilelds is characterized by a correlation co-
efficient higher than 0.8; in extremal years its
value 1s somewhat decreased.

[Text] Among all the types of agrometeorological predictions the one of the
greatest practical value is a prediction of the yield before sowing.

There is a scientific basis for making such a prediction. Attempts at long-
range and superlong-range yield predictions have been undertaken before

[2 and others]. They are now becoming more and more common [1, 3, 5~7, 10,
12, 13 and others]. These studies are based primarily on allowance for
trends, weather anomalies, and also cyclic solar activity and give basis
for hoping for their successful development in the future.

In this paper we outline a method for predicting the mean oblast yield be-
fore sowing which takes into account the trend Y¢y, soil-climatic resources
Yge and yield cyclicity. The method is developed in the example of winter

wheat, an important food crop, the time of whose sowing is more remote
from the time of harvesting than is true of other crops.
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The basis for the analysis was post-war data on mean oblast yields (582
cases), collected over the area of the European USSR together with other
necessary characteristics. One of the principal predictors is a parameter
determined by the trend of crop yleld for a particular oblast or farm.

As is well known, this curve smoothes the yield variations caused by
changes in weather conditions in a specific year and characterizes its
gradual increase, related to the improvement in the level of agricultural
techniques and equipment (including the influence exerted on the yield

by mechanization, the application of chemical fertilizers and the melior-
ation of agricultural production).

The results are analyzed by the residual method [4, 9, 11, 14], which
makes it possible to take into account not only the direct relationships
with crop yield, but also the possible interrelationships among the fac-
tors determining crop yield, exerting an indirect influence on the yield.
This method is based on allowance for and successive exclusion of the
influence of the determining arguments (factors or predictors) on the
function (crop yield). In this method it is not the function itself
which 18 related to each successive argument, but its residual value af-
ter allowance for and exclusion of the influence of the preceding argu-
ment. This analytical method is completely acceptable for developing a
method for computing crop yield for such a long time in advance. For
greater reliability and objectivity of computations in this article the
residual statistical analysis method is used parallely in two variants:
by means of manual construction of two-parameter graphic regressions and
by use of an electronic computer.

The correlation between the actual mean oblast crop yield and its value
during the same year, taken from the trend Yty with a year (and pos-

sibly greater) advance time, is closest (r = 0.71), because the trend

in this case, together with the improvement in agricultural techniques

and equipment, characterizes the peculiarities of climate (including its
long-period changes), soil and regionalization of the crop varieties used in
this oblast.

Thus, at the scale of the European USSR the trend in itself gives fair pos-
sibilities for estimating the future crop yield prior to sowing. For indi-
vidual regions the closeness of these correlations with time (for example,
during the period from 1952 through 1973) is reduced to r = 0.62-0.70 due
to the constancy of Yécr [soil-climate resources] (here only the trend

and the cyclicity of crop yield "work" to a full degree).

The trend curve for each succeeding year is drawn extremely formally; it
does not fully take into account the possible increase in crop yield (in
the range from the actual to the potential yield) due to incomplete al-
lowance for the soil-climatic resources of the particular oblast or field.
As the potential yield we use the magnitude of the crop yleld determined
by the soil and climatic conditions at the level of the agricultural tech-
niques and equipment used at seed testing stations.
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This quantity can be read from a map given in [9]. In some cases the ac-
tual crop yield is far lower than the potential yleld and the trend curve
can be drawn with a steep slope of the crop yield increase during the
year. In other cases, where the limited goil-climatic resources for crop
yleld and the high level of agricultural techniques and equipment have
brought the actual crop yileld close to the potential yield, a great in-
crease in crop yleld for the year (under average weather conditions) must
not be expected. In this case the slope of the trend curve is reduced. Al-
lowance for this circumstance should somewhat strengthen the closeness of
the correlation between the trend and the actual crop yield.

The closenecs of the correlation of mean oblast crop yields for the Euro-
pean USSR for a specific year with the potential crop yield of a partic-
ular oblast Yscr is characterized by a value of the correlation coeffic-
ient r = 0.55. Allowance for the joint influence exerted on crop yield

by the trend Yy, and the soil-climatic resources Ygor increases the close-
ness of their graphic correlation with the final crop yield to r = 0.79;
the probable deviation is O = 4.2 tsentners/hectare. The correlations
in Fig. 1 show that the value of the crop yield Y,omp computed before sow-
ing increases together with an increase in the trend Yir and the potential
crop yield Yger; the correlation between Y.gmp and Y¢r is stronger.

In computing the crop yield before sowing we took into account the soil-
climatic conditions of the oblast and the influence of a gradual increase
in the level of agricultural techniques and equipment. These values are
only in part characteristics of the conditions for the growing of wheat

in a specific computation year and do not carry information on possible
variation of the crop yield caused by variations of soil fertility in this
year.

It is known that plant mass is created in the process of photosynthesis
at a definite level of mineral nutrition received from the soil. The re-
serves of nutrients in the soil (nitrogen, phosphorus, potassium, etc.), as
well as the trace elements governing its fertility, are limited. With an
increase in yield their removal from the soil 1is increased and as a result
remaining soil fertility is reduced. Accordingly, in the years after high
yields, all other conditions being equal, the crop yield will be reduced
somewhat, whereas after low crop yields it will increase. This circum-
stance has found partial experimental confirmation and is the fundamental
reason for the two-year cyclicity of crop yield noted in a number of stud-
ies [3, 8, 13 and others].

For taking this fact into account we constructed a curve (Fig. 2). Along
the horizontal axis we have plotted the difference in crop yields during
the last year Y, (before the computed Yp4) year) and the year preceding
it Y, ;, and along the vertical axis —- the "residual™ crop yield AYp,
read from Fig. 1 (as the difference between the actual mean oblast crop
yleld Y,., and the crop yield determined from the curve Y.,yryes obtained

- by interpolation between the isolines of the curves plotted in the graph).
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Fig. 1. Correlation between mean Fig. 2. Dependence of "residual"
oblast yield of winter wheat dur- yield ZXY%nggcr (after allowance
ing a specific year and soil-cli- for influence of Y;, and Yger) on
matic resources Yo, and trend difference in yields of preceding
Yer. yedr and year preceding that n - 1.

1) manual construction of graphic
‘ regressions; 2) computer computation
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Fig. 3. Graphic representation of correlations constructed by BESM-6 el-
ectronic computer. 1) general trend of yield of winter wheat for all ob-
lasts (the deviation of the inittial sample from the mean crop yield Ypoan
13.98#% 14 centners/hectare). The analytical expression of the trend is
Y] = 0.6 (t - 1944) + 3.6, where t is the calendar year; 2) is the depen-
dence of AY on Ygeor. The analytical expression of the correlation is
AY(Yger) = 11.5 Ygor -13.1.
This difference is caused by the influence exerted on Y,ct by other (in
addition to Y¢r and Ygop) factors not taken into account. One of these
is the year-to-year variation in soil fertility. The difference in crop
ylelds during the preceding years relative to the computation year AY, =
n ~— Yp-1 to some degree characterizes the cyclicity of soil fertility and
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is expressed by an inverse dependence between thetﬁYn and [SYl values.

The tendency of this dependence Atn = £(Yy - Y1) is traced extremely
clearly (r = -0.23) at the 997 significance level, which makes it possible
to take into account its influence on the magnitude of the future crop
yield with the selected advance time.

The general closeness of the correlation between the actual mean oblast
crop yleld of winter wheat for the entire territory of the European USSR
with that computed before sowing, in accordance with the residual method
is determined from the expression

Yeomp = YCUTVE(Ypr, Ygor) +AY§UW€ (Avy,). )

Allowance for cyclicity through Z&YCUTVG(ZXYH) makes it possible to in-
crease the general correlation coefficient between Y., and the crop
yield computed using (1) to the value r = 0.81, O'= 3,2 centners/hectare.
Such an accuracy can be adequate for a practical estimate of the crop
yield with a long (up to a year) advance time by the administrative and
planning organizations in the country.

This :loseness is somewhat reduced when estimating the crop yield before
sowing for specific regions, but in this case also remains quite high (r
= 0.,63~0.74). The distribution curve for the difference between the ac-
tual Yy.t and computed Yecomp crop ylelds has a symmetric character. This
is evidence of absence of systematic error in predicting crop yield before
sowing and the reciprocal compensation of computation errors for oblasts
when predicting the gross grain harvest for the country as a whole before
sowing.

It is of special interest to analyze the results of prediction of the yield
of winter wheat before sowing in years with extremal weather conditions
(for example, 1972 and 1975 with a low crop yield and 1974 with a high
crop yleld). In such years both the weather forecast and the prediction

of crop yield lose their accuracy; the proposed method also gives, natur-
ally, the maximum errors. For example, for 1972, a severely dry year, the
computation method gave exaggerated crop ylelds in comparison with the ac-
tual crop yields -- by an average of 19%, and the r value decreased from
8l to €47. However, this error 1s substantially less than that which would
be obtained when taking into account only the first curve Ytr,scr (Fig. 1),
that 1s, in computations on the ba:uis of the mean long-term weather con~-
ditions, for which the correspondiny decrease for r was to 537%, whereas
for yield as an average for the Europcan USSR the exaggeration was ap-
proximately 307%. Thus, allowance for the umean oblast crop vield of the
preceding year with a good or poor crop yield substantially increases the
accuracy in predicting crop yleld before sowing, which affords a possibil-
ity for obtaining more precise preliminary information on the impending
low or high harvests of winter wheat for the country as a whole.
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Similar results were also obtained using computations of crop yield before
sowing using an electronic computer with a special algorithm, the basis
for which is the residual statistical analysis method. Thus, after allow-
ance for the correlation between crop yield and the trend, constructed by
computer (Fig. 3), the value of the correlation coefficient, as in the
first case, was equal to 0.71. After additional allowances (for soil-cli-
matic resources) it increased to r = 0.77, and after further allowance

for the cyclicity of crop yield -- to r = 0.82.

These data confirm the conclusions drawn above concerning the possibility
of first-approximation prediction of the yield of winter wheat a long
time in advance (up to the time prior to sowing).
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UDC 551.521.(18+3)
COMPUTATION OF ATMOSPHERIC COUNTERRADIATION
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 107-108

[Article by Candidate of Geographical Sciences N. I. Rudnev, Forestry Lab-
oratory USSR Academy of Sciences, submitted for publication 23 May 1979}

Abstract: New data are presented on the const-
ant coefficients in the Brent formula for com-
puting the flux of atmospheric IR radiation.

The cited materials were obtained as a result of
experimental investigations in the central wooded
steppe and computations using the formula cited
in this article.

(Text] Many investigations have been devoted to methods for computing the
flux of IR (long-wave) atmospheric radiation (counterradiation) incident
on the earth's surface, F, and the balance of IR radiation of the atmosphere
and the underlying surface (effective radiation with the opposite sign)
B4. The initial data used in these investigations are the vertical air tem-
perature and humidity profiles for the entire thickness of the troposphere.
Such data are available for a small number of stations in the territory of

- the Soviet Union, which makes difficult the use of the theoretical formulas
employed by K. Ya. Kondrat'yev, M. Ye. Berlyand and T. G. Berlyand, F. N.
Shekhter, Kh. Yu. Niylisk and others for computing F and Bqg.

Investigations of recent years have indicated that stratification of the
middle and upper troposphere exerts little influence on the magnitude of
the flux F at the level of the earth's surface and for computing F and Bqg
it was possible to use typical standard models of the atmosphere (at pres-—
- ent several models are used). It was demonstrated in the studies of M. Ye.
Berlyand and T. G. Berlyand, and by K. Ya. Kondrat'yev, that for the earth's
surface it 1s possible to compute F and Bq using mean stratification values
and surface data for air temperature t and humidity in the meteorological
booth and the theoretical formulas in this case can be reduced to a de-
pendence coinciding with a formula of the Brent type [1].

These formulas for computing F and By can be represented in the form
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Feaf (T} 0 b1E(T) ), 1)
By b[F (1)~ (1-a) EXT) +4[E(T)— L (Ta)]. (2)

[T = underlying surface] Here E(T) = 0.814-10710 74 cal-cm2+min = 5.669-
10-12 74 w/em2; T = (273.1 + t); t is alr temperature, °C; Typder is the
temperature of the underlying surface, K; E(T) 1s stipulated in a table
or on a graph; A 1is water vapor elasticity in the air, mb; a and b are
empirical coefficients taking tropospheric stratification into account.

The constants c and b, cited in the summary of K. Ya. Kondrat'yev [1], and
- also determined by other researchers, vary in a wide range. Modern instru-
ments, making it possible to carry out reliable measurements of IR fluxes
- at nighttime and during the daytime, and also the modern theories of K. Ya.
Kondrat'yev and K. Yu. Niylisk [2], afford a possibility for more precise
determination of the values of the constants a and b for a cloudless sky
curing different seasons of the year, for nighttime and daytime (Table 1).

_ Table 1
~ Values of the Constants in the Brent Formula
a b
Ceann
1 CVTKH 2 AeHL 3 HOUb 4 CYTKH 2 IleHb3 HO4Yb 4
5 3nMa 0,71 0,69 0,74 0,05 0,056 0,044
6 Becna 0,62 0,58 0,66 0,07 - 0,077 0,064
Jleto 0,55 0.50 0,61 0,08 0,087 0,073
g Occn 0,63 0,62 0,64 0,07 0072 | 0,068
KEY:
1. Season 5. Winter
2, 24-hours 6. Spring
3. Daytime 7. Summer
4, Nighttime 8. Autumn

The values of the coefficients a and b for summer and autumn were determin-

ed using S. P, Malevskiy-Malevich and B. P. Kozyrev radiometers in Kurskaya

Oblast and were determined more precisely using radiosonde data for the Eur-
opean territory of the USSR. For winter and spring the coefficients a and b

were computed using radiosonde data. The F value was computed using the K.

Ya. Kondrat'yev formula [1] m
0

F = a5p, l515(1) exp (—ap) d, )
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-
- where m, == s‘ a(z) dz
b

J is the part of the spectrum; o¢; is the IR radiation absorption coeffic-
ient; pj is the fraction of E(T) attributable to the j~th set of parts of
the spectrum, :S pj = 1; a is water vapor density in the air;

o0

Mgy = j a(z) dz
is the integration variable. 0
Tn order to simplify the computations, in accordance with the investigation

of Ye. D. Kovaleva, we took into account the distributions of air tempera~
ture and humidity only in the lower layer of the troposphere.

Table 2

Mean Daily and Monthly Long-Term Sums of Fluxes (Cal/cmz) of Atmospheric IR
Radiation F and Total Solar Radiation Q for Different Seasons of the Year in
the Central Wooded Steppe Region

Q F
Ccao 4
1 CYTKH 2 Mecan 3 CYTKH 2 Mecsl 3
4  3uma 0,12 3,6 0,48 145 .
. 5 Becna 0,29 8,6 0,57 17,1
6 Jlevo 0,41 12,1 0,68 20,9
7 Ocenn 0,09 28 0,55 16.7
KEY:
1. Season 5. Spring
2. Day 6. Summer
3. Month 7. Autumn
4. Winter

As an example, Table 2 gives the results of computations (using the Brent
formula) for the mean daily and mean monthly long-term sums F for the cen-
tral wooded steppe (Kurskaya Oblast). The quantity of total solar radiation
Q was determined using data from actinometric stations. The influence of

cloud cover on the magnitude of the Q and F fluxes was taken into account
by the method usually employed.
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UDC 551.521.3

NEPHELOMETRIC METHOD FOR DETERMINING LIGHT ATTENUATION IN THE UV AND
VISIBLE SPECTRAL REGIONS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 109-111

- [Article by Candidate of Physical and Mathematical Sciences T. P. Toropova,
Astrophysical Institute, submitted for publication 25 June 1979]

Abstract: In order to wvalidate the nephelometric
method for determining light attenuation the author
made an analysis of variability of shape of the
scattering indicatrix in the surface air layer

in the spectral region from 304 to 710 nm. The
errors in determining attenuation when using an
indicatrix measured at different angles are eval-
uated. It is shown that with use of the nephelo-
metric method in the entire considered spectral
region it is better to use measurements of the
indicatrix made in the range of angles 40-50°;
the mean error in measuring attenuation does

not exceed 10-15%, whereas in the backscattering
region it exceeds 70%, and sometimes 100%.

[Text] The essence of the nephelometric method is determination of light at-
tenuation when measuring the coefficient of directed light scattering ¢rat
some one scattering angle .

There are many studies which discuss the possibility of using the nephelo-
metric method. However, all these studies relate to the visible region of

the spectrum and sometimes contain contradictory conclusions. This relates
in particular to a discussion of the possibility of determining attenuation
from backscattering [1-6]. However, in connection with the development of
laser technology and the use of lidar apparatus the problem of light scatter-
ing at great angles has recently acquired special interest.

The purpose of this study is a validation of the nephelometric method for
the surface atmospheric layer, detection of the optimum scattering angle,

evaluation of the possible errors in determining attenuation O when using the
indicatrix p.(yn, measured at different angles ¢, including backscattering,

141

FOR OARFTCTAT TIQW ONTV

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

FOR OFFICLAL Ubr UNLY

and also clarification of applicability of the method for different places
in the spectral region from 304 to 710 nm.

In order to validate the nephelometric method it is necessary to analyze the
variability of shape of the scattering indicatrix for the surface layer.

1f the composition of the scattering particles does not change, only their
number changes: for each scatteriug angle the following expression should
be correct

I (9) = = iﬂ = const.

In this case the light attenuation in the medium can be determined unambig-
uously on the basis of scattering intensity for any 99.

Thus, in order to analyze the applicability of the nephelometric method it
is necessary to evaluate the variability of the ratio (1) for different
scattering argles. For this purpose it is sufficient to know the relative
(normalized) scattering indicatirices; they are measured with considerably
greater accuracy than the absolute indicatrices. When determining P-(?D in
fractions of the flux illuminating the scattering volume there is a great
brightness drop (by a factor of about 106). Errors in the standardization
of measurements can lead to errors in the correlation coefficient between
O and p (@), especially in those cases when attenuation O'is determined
by integration of indicatrix data. However, in a direct determination of
the correlations between (O and 'J.((p) it is customary to use absolute
measurements.

The observational data which we used in the analysis contained a total of
240 atmospheric surface layer scattering indicatrices measured on days
without fog, in large part during the summer-autumn period, in the region
of scattering angles 10-175°.

- The measurement method and instrumentation have been described in detail
earlier [5] and they will not be described here.

The total set of indicatrices was broken down into three subsets by wave-
lengths (710, 405 and 304 nm), each of which contained 94, 78 and 68 indi-
vidual cases respectively. Each subset included scattering indicatrices
measured in five places with different climatic conditions (Mountain Ob-

o servatory near Alma-Ata, shore of the Black Sea in the neighborhood of
Odessa and Gelendzhik, semidesert near the village of Kirbaltabay in Kaz-
akhstan and Alma-Ata city).

As a result of processing of the observational data it was possible to an~
alyze the variability of the shape of the scattering indicatrix. For this
purpose the observed indicatrices were normalized using the condition

=
2= J#(v) singdy =1,
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where & is the scattering angle.

Thus, by the term "relative scattering indicatrix" I(¢) we will mean here
the ratio of the coefficient of directed light scattering 3 (9’) to the
volumetric attenuation coefficient O .

i (¢) ny (9p)
= 3

I (o) = -
2= jw (¢x) sinody
For validation of the nephelometric method we determined the mean value of
this ratio (1) and its variation for each scattering angle:
— 1 & )
I (eg) = 7;-2 I (o) A (34 - l(—f"—),
i=1 1 (92)

where the standard deviation is

]/2. U (36) =1 (30)

b= 1=
n .

4%

a0

l

a0

Fig. 1. Variations of the normalized scattering indicatrix for the atmospher-
ic surface layer for different scattering angles. 1) 710 nm, 2) 410 nm, 3)
304 nm.

Figure 1 shows the angular parameters of variations in percent, obtained as
a result of processing of observational data. The data in the figure show
that for all three wavelengths (304, 405 and 710 nm) the curves have a
clearly expressed minimum in the region of scattering angles falling be-
tween 40 and 50°. Here the variability of the normalized scattering indi-
catrix I($y) is minimum. The standard deviation of the ratio H(<}>)/O" is
10-15%. It therefore follows that for the UV and visible spectral regions
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when applying the nephelometric method it is better to use measurements
made with a scattering angle falling in the interval from 40 to 50°; in
this case the mean error in measuring attenuation will not exceed 10-15%.
The error becomes considerably greater if measurements of the scattering
indicatrix made at other angles are used for the nephelometric determina-
tion of attenuation. For example, with a decrease in the angle to 10° the
error in determining attenuation increases to 30%, whereas in the region
of large scattering angles it exceeds 70%, and sometimes even 100%. Thus,
a change in the shape of the scattering indicatrix can lead to errors in
determining attenuation from backscattering exceeding 70-100%, but with
respect to scattering at ¥ = 40-50° -~ to errors of only about 10-20%.
However, under ordinary natural conditions the attenuation of light by at-
mospheric haze sometimes changes by one or two orders of magnitude (for
example, the interval of change in visibility can be from 1 to 100 km}. This
- circumstance evidently explains the high correlation coefficients which are
frequently obtained between O"and (H(¢), including between attenuation and
backscattering, a fact which at first glance contradicts the results obtain-
ed above, However, it can be explained if it is assumed that the decisive
factor in variations of light attenuation in the atmospheric surface layer
is a change in the number of scattering parcicles, against whose background
the change in the properties of the particles determining the shape of the
] indicatrix does not significantly impair the correlations between O and

p ().

- The errors in determining attenuation by the nephelometric method are never-
theless determined by varilations in the ratio R (¢)/ 0o, whose evaluation
was the purpose of this study. The results which we obtained in determin-
ing the optimum scattering angle, used for the nephelometric method for de-
termining attenuation, are in good agreement with the data published by

0. D. Barteneva [1]. At the same time, according to the estimates made in
[2, 3 and 6], the error in determining visibility from backscattering aver-
ages 25%, which contradicts both our results and the conclusions drawn in
[1]. The following must be remembered when explaining the reasons for such a
disagreement. V. A. Gavrilov [2], on the basis of his own data, and also the
results obtained by other authors [2, 6], pointed out that there is a linear
dependence (with a deviation from the mean straight line by 25%) between

the intensity of backscattering of light and the meteorological range of
visibility in a logarithmic coordinate scale. He notes the constancy of

this scatter for a broad change in turbidities and defines it as the objec-
tive 1imit of accuracy of the backscattering method. Then he mechanically
transfers this scatter evaluation, obtained for logarithms of the values,

to a visibility scale. However, it 1s easy to demonstrate that varilations

in the logarithms of the measured parameters, attaining 25%, can lead to a
considerable change in the values themselves. For example, if visibility
varies from 20 to 10 km, the logarithms of these values change by only 30%.
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TRANSMISSION OF INTEGRAL SOLAR RADIATION BY A GRASS COVER
Moscow METEORULOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 111-113

[Article by T. Kh. Tammets, Estonian Agrometeorological Laboratory, sub-
mitted for publication 3C May 1979]

Abstract: The article gives the results of measurement
of the transmission of radiation by a field of Galega
orientalis. The author employed an experimental Yani-
shevskiy band pyranometer of a new design. It was

- found that the coefficient of radiation transmission
ap is little dependent on solar altitude. The depen-
dence of ayp on the relative assimilation surface LA
can be approximated by a simplified Tooming-Ross

- formula.

[Text] The yield of agricultural crops is frequently limited by an un-

favorable radiation regime within the field. Accordingly, the need arises
- for a quantitative study of the function of transmiesion of integral solar

radiation by the field and photosynthetically active radiation PAR.

For corn, sorghum, cotton and barley the transmission function is described
by a semi-empirical formula proposed by Tooming and Ross [1-4]. Until now
the literature has contained virtually no data on the radiation regime in
fields of grass. As a first attempt at study of the radiation regime of
perennial grasses we carried out measurements of integral radiation in a
field of Galega orientalis. The measurements were made in the flowering
phase, with a maximum assimilation surface of the field.

The fields were high (up to 120 cm), uniform, with a stand density in 1976
of 218 stems, and in 1977 -- 308 stems per square meter. The yellowing
lower leaves in such a field are evidence of an inadequacy of light in

the depth of the field. The radiation penetrating into the field was meas-
ured using a Yanishevskiy band pyranometer during the first 10 days in

July 1976 and 1977 when there was a cloudless sky and with different solar
altitudes. The differences from the readings of a Yanishevskiy M-115 pyran-
ometer were insignificant. The band pyranometer with a diameter of 18 mm
and a length of the sensing component of 290 mm made it possible, without
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disrupting the structure of the field, to average radiation in a horizontal
direction.
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) Fig. 1. Vertical distribution of area of the assimilation surface UL (z).
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Fig. 2. Dependence of coefficient of transmission of total radiation agp on
effective assimilation area Lp for field of Galega orientalis on the basis
of experimental data. 1) h@pean = 50°, density 218 stems/m2; 2) h@ mean =

50°, density 308 stems/u“; ho mean = 38°, density 308 stems/m?; 4) using
Tooming-Ross formula.
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A number of indices of the field were determined at the measurement sites:

1) Vertical distribution of the area of the effective assimilation surface
(Fig. 1) per unit volume of the field at the height z - uf, (z) dm?/dm3.
This value was determined as the sum of the area of the leaves and the
vertical projection of the stems with approximation of the latter by cyl-
inders;
2) Relative area of the effective assimilation surface above a particular
level. This value was determined by integrating the value ufp (z) for
z from the particular level to the upper boundary of the field;

“o

[E = A) Ly(2) = 5 ul_a(z) dz,

where z is the height of the particular level; zg is the height of the
upper boundary of the field;
3) The total effective assimilation surface Lp,. This parameter was obtain-
ed by the integration of up, (z) from the soil surface to the upper boun-
dary of the field. The uLp Qz), Lop and Lp values were determined by four-
fold measurements in plots measuring 0.5 x 0.5 m by the weighting method.
The plots were selected near the sites where radiation was measured. A
field of Galega orientalis was characterized by a high density, especially
in the upper horizoms (Fig. 1), as a result of which the assimilation sur-
face attains 11.2 m2/mZ. As a result, the total radiation within the field
is greatly attenuated (Fig. 2). On the average only 3% of the radiation
a incident on the field penetrates to the soil surface. If we use a method
for conversion from integral radiation to PAR [3], it is found that the
coefficient of transmission for Galega orientalis for PAR is less than
0.002. Three-four times less total radiation and ten times less PAR pene-
trates under a field of Galega orientalis than under the other investig-
B ated crops (corn, sorghum, barley, cotton).

It was found that the dependence of the transmission coefficient ar on LA
has little dependence on the density in the field for equal Lp (Fig. 2).
We can only point out a somewhat reduced attenuation of radiation in the
uppermost layers of the thinner field of 1976; this is evidently attribut-
able to the incomplete coverage of the field. It was also found that the
transmission of radiation by a field of Galega orientalis has little de-
pendence on solar altitude. An analysis of the experimental data shows
that the dependence of ap on Lp for fields of Galega orientalis can be
approximated by the Tooming-Ross semiempirical formula proposed for fields
of corn, sorghum and cotton

.-

[3 =A) B —.ak Sl o el
- QLy. hey) sinfi st i sty
aplly. ”(D):’—_«zTTEE;T_h_rse +ale Y-

- where ap(Ly, h@) is the coefficient of transmission of integral radiation
by a layer of a field with the assimilation surface L, with a solar alti-
tude hg , Q(h@) is the flux density of total radiation incident on a
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field with a solar altitude hg, Q(Lp, ho ) is the flux density of integral
solar radiation after passing through the layer of a field with the assim-
ilation surface Lps €15 €9, c3 are empirical coefficients. According to
our data, c¢; 1s dependent on solar altitude and the assimilation surface:

c; = 0.09 Ly 8in hgy, if Lygll.1l and
¢l = sin hg, if Ly>11.1;
cg = 0.2; c3 = 0.15.
Summary
In practical computations of productivity in a field of Galega orientalis
the simplified Tooming-Ross formula with the proposed empirical coefficients
ensures an adequate accuracy with an error 10-15%.
The author expresses appreciation to Yu. Yanishevskiy for supplying the new
band pyranometer.
BIBLIOGRAPHY
1. Abashina, Ye. V., Sirotenko, 0. D., "Computation of the Coefficient of
Attenuation of Integral Radiation by Barley Fields," TRUDY IEM (Trans-
actions of the Institute of Experimental Meteorology), No 3(40), 1973.
2. Ross, Yu. K., Tooming, Kh. G., "Attenuation of Direct and Total Radia-
tion Within Fields of Agricultural Crops and the Semiempirical For-
mulas Describing It," AKTINOMETRIYA I OPTIKA ATMOSFERY (Actinometry
and Atmospheric Optics), Tallin, Valgus, 1968.

- 3. Tooming, Kh. G., SOLNECHNAYA RADIATSIYA I FORMIROVANIYE UROZHAYA (Solar
Radiation and Yield Formation), Leningrad, Gidrometeoizdat, 1977.

4, Tooming, Kh. G., Ross, Yu. K.. "Radiation Regime of a Corn Field by
- Levels and its Descriptive Approximation Formulas," ISSLEDOVANIYA PO
FIZIKE ATMOSFERY (Investigations of Atmospheric Physics), No 6, 1964.

149

TAT ATMTTATAT 17A7™ AT

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

LRV PR - .

. UDC 551(521.3+576)

OPTICAL PROPERTIES OF CRYSTALLINE CLOUDS
Moscow METEOKRGLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 114-121

- [Article by Doctor of Physical and Mathematical Sciences 0. A. Volkovitsk-
iy, Candidate of Physical and Mathematical Sciences L. N. Pavlova and

A. G. Petrushin, Institute of Experimental Meteorology, submitted for pub-
lication 13 June 1979]

Abstract: On the basis of published invest-
igations the authors examine the principal
optical characteristics of crystalline clouds:
attenuation indices, scattering indicatrices
- and also some results of measurements of
transmission and scattering of solar radia-
- tion by crystalline clouds.

[Text] It is well known that at negative temperatures the atmosphere con-
- tains clouds with different phase composition: droplet, mixed and crystal-
- line. The crystalline phase in clouds is already observed at a temperature
0-5°C and in some regions of the earth the frequency of recurrence of crys-
talline clouds is predominant [10, 17]. Some idea concerning the phase
state of clouds at different latitudes 1s given in Table 1 from [10]. In
clouds in the tropical latitudes the crystals appear at a higher tempera-
ture, but with advance toward the Arctic an increasingly deeper supercool-
ing is encountered [10]. In all reglons the crystalline phase predominates
in clouds of the middle and upper levels. At the middle level nimbostratus
and altostratus clouds stand out, usually combined in a single Ns-As forma-
tion. The phase composition of these systems is inhomogeneous; the liquid
and solid phases are frequently encountered in different vertical sequences.
In upper-level clouds, cirrus (Ci), the liquid phase was discovered only in
the eastern zone of the Tropical Atlantic [10, 25].

Crystalline clouds and fogs, as a result of their great frequency of recur-
- rence, exert an influence on many atmospheric proceases, including those
associated with radiation transfer. This explains the appearance of a great
many studies in which the optical characteristics of crystalline media are
investigated. It is necessary to know these characteristics in order to
solve a number of problems in meteorology, such as radiative heat exchange,
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prediction of visibility, remote investigation of the composition of ter-
restrial clouds and clouds on the other planets.,

The purpose of the theoretical studies, and also investigations carried out
under laboratory conditions, is a study of the laws of radiation transmis-
sion in media with ice particles of spherical and aspherical configuration
and search for the elements of an optical model of a crystalline cloud. Due
to the technical difficulties in measuring the microphysical and optical
characteristics of crystalline clouds under natural conditions the experi-
mental investigations have for the most part been made in artificially creat-
ed crystalline fogs. For this purpose an ice-forming reagent (such as AgI)
is usually introduced into a chamber with a supercooled fog; ice crystals
- of the same configuration as in clouds are formed on the nuclei of this re-
agent.,

The particles in crystalline clouds consist of ice with a hexagonal crystal
lattice whose properties differ from the properties of water, especially

in the IR spectral region [29, 43}. In addition, cloud crystals are char-
acterized by a great diversity of shapes and a broad range of sizes [17,
25]. The joint influence of all these factors results in the optical prop-
erties of the crystalline clouds differing from the properties of droplet
clouds. Below, on the basis of published data, we will examine the principal
optical characteristics of crystalline cloud media: attenuation indices,
scattering indicatrices and also some results of measurements of transmis-
sion and scattering of solar radiation by a crystalline cloud.

Radiation Attenuation

The attenuation of radiation as a result of absorption and scattering by
its particles is one of the principal optical characteristics of clouds.
There are very few quantitative data on the attenuation of radiation in
crystalline and mixed clouds. Some information on the values of the atten-
uation index for visible radiation is contained in [10, 18, 37] and is cit-
ed in Table 2. In [10] the values 0(;; 7 km™! for Sc, As relate to clouds

of the mixed phase.

Measurements of spectral transmission in [18], made in the atmosphere in the
presence of crystals in the form of needles, indicated that attenuation in
the region of wavelengths A = 0.5-12pm is close to neutral, although in
some spectra there is a weak minimum at A= 9.2-10pum. It is reported in
[38] that the attenuation of IR radiation with A = 10.6pm in crystalline
clouds is somewhat greater than in the case of visible radiation. On the
basis of these data it can be concluded that in contrast to droplet clouds,
attenuation of radiation in the range A = 0.5-12pm by crystalline clouds
is approximately identical. Therefore, Table 2 gives some idea concerning
the attenuation indices of crystalline clouds in the IR spectral region as
well.
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In order to compute the attenuation of radiation by crystalline clouds it
is important to know whether it is possible to approximate crystals of dif-
ferent configuration by ice spheres. At present there is no unilversal agree-
ment on this subject. Computations [15, 16] of the factors involved in the
effectiveness of attenuation Kj(10.6) for radiation with A = 10.6pum

by ice spheres, cylinders and platelets show that the influence of config-
uration is manifested for particles with sizes £ = 2wr/A< 6 (where r

is the radius of a sphere or cylinder and the half-thickness of the plate-
let). The authors of [3, 36] compare the measured KQ(10.6) values with the
computed values for ice spheres and come to the conclusion that regardless
of the configuration of the crystals, in computations of attenuation at
10.6 pm it is possible to use a model of ice spheres of an equivalent sec-
tion. In [15], on the basis of a comparison of the results of their meas-
urements of spectral transparency in crystalline fogs and computations for
large water droplets, the conclusion is drawn that a model of spherical
particles cannot be used in computing spectral attenuation. However, the
authors of this study neglected the difference in the optical constants

of water and ice. Accordingly, further investigation is required for an-
swering the formulated question.

Radiation Scattering by Ice Crystals

One of the distinguishing characteristics of the scattering properties of
crystalline clouds is manifested most clearly in observation of a number
of optical phenomena accompanying the transmission of solar radiation
through a vell of cirrostratus clouds (less frequently, cirrus, cirrocum-
ulus and altocumulus). These include large and small halos, false suns,
tangential and circumzenith arcs, light pillars, etc. These phenomena
. have long attracted the attention of researchers and have been described
in detail in [11, 30 and in a number of other studies]. All these pheno-
mena are caused by the reflection of light rays from plane surfaces or
by light refraction in a crystal, which occurs the same as in a prism [11].
An ice crystal, having the configuration of a regular hexagonal platelet
or pillar, for the rays constitutes a prism with refracting angles 60 and
90°. A ray, entering a prism, emerges from it after double refraction,
forming small and large halos in the direction of angles 22 and 46°. Due
to light dispersion during the transmission of rays in the prism the
halos must be brightly colored (inner edge — red, outer edge -- violet),
in contrast to the phenomena caused by reflection (for example, a hori-
zontal circle). However, the color of a halo is frequently not pure or is
totally absent. In this case there is a "white'" halo. The reasons for this
may be both oscillations or rotation of the crystals about thelr axes and
the superposing of reflected, refracted and diffracted rays [11, 30].

All the enumerated phenomena arise only when clouds contain crystals and
for observers serve as one of the methods for determining the phase state
of cloud cover. Moreover, the appearance of most of them indicates that

in clouds conditions sometimes arise for the predominant orientation of
crystal axes [11]. The process of radiation scattering by particles of
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any configuration is described by a transformation matrix (scattering
matrix), by means of which it is possible to express the Stokes parameters
of the scattered wave through the Stokes parameters of an incident wave
[19]. The Stokes parameters characterize the intensity and polarization of
radiation. In a general case the scattering matrix has 16 components.
Spherical particles of an optically inactive substance have a scattering
matrix of the simplest type (the transformation matrix contains only three
independent parameters). The asphericity of particles exerts an influence
on all the light scattering matrices. The predominant orientation of
aspherical particles can cause linear and circular refraction effects in
combination with dichroism, even if the particles are not optically active
[19]. Due to the great mathematical difficulties no expression has been
derived for computing the components of the scattering matrix, but in [33]

a study was made of the theoretical principles for their experimental de-
termination.
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Fig. 2. Polarization of 1light scat-
tered by crystals -- cylinders (1)
and platelets (2) according to data
in [35].

Fig. 1. Scattering indicatrices for
radiation with A = 0.63pm. 1) com-
puted for prism and horizontal scat-
tering plane, 2) same for vertical
scattering plane; 3) measured in a
crystalline medium (data from [1]). 153
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

FOR OFFICIAL USE ONLY

Table 1

Phase Structure of Clouds in Different Regions of the Earth

Cloud form Eastern zone of Temperate Arctic
tropical Atlantic latitudes
Cu droplet - -
- St - droplet, mixad,
mixed droplet
Sc droplet droplet, mixed,
mixed droplet
Ns - mixed mixed
Ac droplet droplet, mixed,
mixed droplet
As mixed, mixed, crystalline,
droplet crystalline mixed
Cs mixed, crystalline crystalline
crystalline
ci crystalline crystalline crystalline
- Table 2

- Values of Attenuation Index in Clouds of Different Forms, km~1

Cloud form Eastern zone of Temperate Arctic
tropical Atlantic latitudes
) Sc - -- 25
As 7-20 25 4
Cs, Ci sp 8.3 2.5 2.5
Crystalline fogs - 0.5-1.2 2.3-32

Until recently the attention of researchers has been concentrated only on

measurement of the components f17 and fj2, which characterize the intensity
- and degree of polarization of scattered light. The angular dependence of
f£11 (scattering indicatrix) in crystalline fogs [27], measured for the
first time, did not exhibit intensity maxima in the range of halo angles,
which in [28] is attributed to an inadequate angular resolution of the in-
strument. Later maxima of different intensity were noted at scattering
angles of about 22° and 46° [4, 8, 9, 34, 35], corresponding to the small
and large halo circles observed in nature, and also with @z142° [35] --
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-- Bouguer halos [11]. A halo with B&46°, also under natural conditions,
was observed considerably less frequently. In addition, in these investi-
gations greater scattering in the region of angles close to 90° was observed
in comparison with droplet clouds (for the first time in [12, 27]).

However, the scattering indicatrices measured by different authors reveal a
substantial scatter of values, especially in the region of lateral scatter-
ing angles. An analysis of the data indicated that this scatter cannot be
attributed to a difference in the shape and size of particles. The reason
for the discrepancy in the experimental data was explained in [13, 141,
where it was demonstrated that the presence of droplets or ice spheres in
the medium, together with crystals, exerts an influence on the angular dis-
tribution of scattered radiation. With a clear identification of the phase
state and discrimination of cases of a purely crystalline medium the scatter
of scattering indicatrices for crystals of different shape and size in the
range of angles 10-180° was +30%. In [1, 14] the authors also demonstrated
that an increase in scattering by crystals in the region of lateral angles
occurs due to a decrease in the region of angles 2°€ 8 < 40°. These data
were obtained when measuring scattering in a single plane. However, as dem-
onstrated in {2, 8, 9, 36, 44], the predominant orientation of crystals
- leads to an asymmetric distribution of the scattered radiation in different
scattering planes, although in the range of angles 10-180° the difference
in f11(9) for different planes does not exceed the discrepancy in the in-
tensity values measured in a single plane. Figure 1 shows the averaged
scattering indicatrix from [1, 13], and Figure 2 shows the degree of plane
polarization of scattered light [35].
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Fig. 3. D(77) values for clouds of different phase state according to data
from [41]. 1) snowflakes, 2) snowflakes covered with hoarfrost, 3) fall-
ing snow, 4) graupel, 5)-6) thawing particles, 7) freezing droplets of
aspherical configuration.

KEY:
1. Crystalline clouds 3. Droplet clouds
_ 2. Artificial medium of mixed phase
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Measurements of the angular variation of other matrix components have been
made only in [7], whose basic conclusion is that the matrix of light scat-
tering by crystals is characteristic for asymmetric particles with a ran-
dom orientation. In addition, it is noted that measurement of its compon-
ents can become a means for the remote study of clouds, for example,

study of the depolarization of scattered light.

The conclusion that it is possible to identify the phase state of clouds
on the basis of the depolarization ratio D(T) was drawn earlier in [20].
D(77) is determined as the ratio of the perpendicular and parallel compon-
ents in the backscattering signal in the case of irradiation of particles
by plane-poiarized radiation. The experiments revealed that for water
droplets with a diameter up to 5.5 mm the depolarization ratio D(3 )<
0.03 [40], whereas in crystalline clouds and snowfalls -- from 0.5 to
1.0 [20, 41]. However, it is difficult to characterize clouds of differ-
ent composition by any definite D(71) values. It is only possible to es-
tablish some limits of these values in dependence on the phase state of
clouds at different temperatures, as is demonstrated by Fig. 3 from [41].

Thus, the singularity of the light scattering matrix for a crystalline me-
dium is caused for the most part by the configuration of the crystalline
particles. Therefore, the use of the scattering indicatrices in computa-
tions as the model of a crystalline cloud, as models of ice spheres [24,
39] or circular cylinders [31l] does not give a satisfactory result.

In [1] there was a study of light scattering by hexagonal ice prisms of
finite length in the approximation of geometrical optics and diffraction
and analytical expressions were derived for computing the scattering in-
dicatrix. Figure 1 shows the computed scattering indicatrices in the hor-
izontal and vertical planes for prisms oriented in the horizomtal plane
(the radiation beam is propagated in this same plane) [1]. The consider-
ed case makes it possible to evaluate the maximum possible asymmetry of
light scattering because all other cases of orientation should lead to
its decrease. The agreement with the experimental data in [13] can be
congidered satisfactory. The discrepancy in the computed and experimental
[1, 42] indicatrices in the region of backscattering angles can be attrib-
uted to the fact that in the computations no allowance was made for a
number of effects, such as surface waves [19].

Thus, the scattering indicatrices shown in Fig. 1 can evidently character-
1ze the angular distribution of apparent radiation scattered by a crys-
talline cloud with &> 10°.

Interrelationship Between Backscattering and Optical Thickness

In interpreting the results of lidar sounding of clouds at different wave-
lengths it is of interest to study the interrelationship between backscat-
tering 07y and the optical thickness f} . Experimental investigations [3,
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13, 14] have shown that this interrelationship for A= 0.63fim, inde-
pendently of the phase composition of the medium, is described by a re-
gression equation with identical coefficients. For T, g3 < 0.4 the in-
terrelationship between On and optical thickness can be considered linear.
The deviation from linearity in the case of large T 6 is attributable
to the increasing contribution of multiple scatteringl ahe equality of

the regression coefficients means that the value of the backscattering in-
dicatrix for A= 0.63ivm in a crystalline medium is the same as in a
droplet medium: f13 (31)~0.05 (£30%). Measurements [6, 42] for wave-
lengths A= 0.57, 0.63 and 10.6 p m, the same as in [3, 14], did not re-
veal Or differences in droplet and crystalline fogs with identical Ta.
Investigations were not made at other wavelengths.

Thus, from the backscattering signal for A= 0.63, 0.57 and 10.6um it
is evidently impossible to determine the phase composition of cloud cover.
This requires that measurements of polarization, such as D(M), be made.

Transmission and Scattering of Radiation by a Crystalline Cloud

Crystalline clouds, the same as droplet clouds, constitute an optical medi-
um which is quite dense in which single scattering is accompanied by mul-
tiple scattering processes. The problem of the propagation of radiation in
cloud media in which multiple scattering occurs and with allowance for ab-
sorption by atmospheric gases and aerosol has not been solved at all. In
theoretical investigations it has been special methods for solving this
problem which for the most part have been developed and the results of
computations of the fluxes of solar radiation reflected, absorbed and
transmitted by layers of droplet clouds are given. Individual character-

- istics of radiation transfer were also examined for crystalline clouds,

a layer of ice spheres or circular cylinders being used as the model

[23, 24, 31, 32, 39]. It was noted earlier that these models cannot be re-
garded as satisfactory for computations of the indicatrix of light scat-
tering by ice crystals. However, the results of some theoretical and ex-
perimental studies give basis for assuming that a model of ice spheres

can be employed in computing the characteristics of radiation transfer.
For example, it was demonstrated in [32] that the computed values for
radiation and transmission in the window A= 8.3-12.5pm for layers of
different thickness containing ice cylinders and spheres of equivalent
cross section differ insignificantly. Measurements of the reflectivity of
artificial crystalline fogs in the near-IR spectral region were made in
[45]. The author of [24] demonstrated that the results of these measure-
ments agree well with the camputed reflectivity values for spherical ice
particles.

The transmission and reflection of solar radiation by clouds is dependent
both on the optical properties of droplets and crystals and on the char-

acteristics of radiation absorption in and outside a cloud [21, 22, 26].

The influence of absorption by atmospheric gases in the range A= 2.4-3.0
pem is illustrated by Fig. 4, which shows the solar radiation spectra
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for radiation transmitted by crystalline clouds Ci [21]. The solar spec-
trum was measured in a clear sky at the same altitude (6.2 km) at which
in another flight the base of Ci clouds with a thickness from 0.5 to 3
km was situated.
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Fig. 4. Transmission of solar radiation by the pure atmosphere at an alti-
tude of 6.2 km (1) and by Ci clouds -- thin (about 0.5 km), (2) intermedi-
ate thickness (3) and dense (about 3 km) (4).
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Fig. 5. Reflectivity of solar radiation by dense Ci (1) and dense Cu (2).

KEY:
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The influence of absorption by atmospheric gases is also manifested in the
spectra of reflectivity of solar radiation. There are reflectivity minima
corresponding to the absorption bands of oxygen A = 0.76 and 1.26jm, the
strong bands of water vapor A = 0.95, 1.13, 1.38, 1.47, 1.86, 1.9 and 2.58
fim, as well as the Hy0 and €Oy bands with A = 2.01, 2.06 and 2.68um. In
addition, there are minima corresponding to the water or ice absorption
bands [21, 22].
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The latter is attributable to the fact that the absorption of radiation
by particles decreases scattering. Figure 5 shows the averaged reflectiv-
1ty spectra for crystalline Ci and droplet Cu clouds from [21]. In some
intervals of wavelengths the reflectivity of these clouds is different.
The difference is maximum where the complex refractive indices of water
and ice are most different.

Thus, the measurement of reflectivity in the IR spectral region can be
used in identifying the phase state of clouds. This conclusion was later
confirmed by computations for plane-parallel layers of the medium con-
taining spherical particles of water and ice [24, 29, 39].

Summary

- Thus, the optical properties of crystalline clouds at present have not been
- fully studied. Some components of the scattering matrix of visible radi-
£ ation, especially the scattering indicatrix with 8>10° and the polariz-
: ation of scattered radiation for angles 15-150°% can be considered known.

- An analysis of published investigations shows that the singularity of the
E scattering properties of crystalline clouds, distinguishing them from
droplet clouds, includes:
1) manifestation of such optical phenomena as halos, light pillars, false
suns, different arcs, etc., caused by refraction, reflection or diffrac-
tion of light on ice crystals in the case of a random or predominant ori-
- entation;

2) an increase in the fraction of radiation scattered in lateral direc-

tions in comparison with drops;

3) the partial depolarization of backscattered radiation.

All these effects are caused by a difference in the shape of the crystals
from spherical and therefore cannot be precisely modeled by means of poly-
disperse ice spheres or cylinders. In computations of the scattering indi-
catrix for visible radiation it is possible to use the analytical expres-
sions proposed in [1]. These were derived for a model medium consisting
of ice hexagonal prisms.

In addition, the spectral variation of reflectivity of IR radiation by
crystalline and droplet clouds is different. This is evidently attribut-
able for the most part to the influence of the optical constants of water
and ice. Accordingly, for computing the spectral variation of reflectiv-
ity of crystalline clouds it 1s possible to use a model of ice spheres of
corresponding size.

The characteristics of the optical properties of crystalline clouds given
above give basis for remote determination of the presence of the crystall-
ine phase in clouds and the relative content of crystals and droplets.
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SIXTIETH BIRTHDAY OF SOLOMON MOISEYEVICH SHMETER
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 p 122
[Article by personnel of the Central Aerological Observatory]

[Text] Solomon Moiseyevich Shmeter, a well-known scientist in the field
of atmospheric physics, a Doctor of Physical and Mathematical Sciences,
- head of the Division of Cloud Physics and Atmospheric Dynamics of the
Central Aerological Observatory, marked his 60th birthday on 10 March
- 1980.

Solomon Moiseyevich came to meteorology after graduating from the Mechanics-
Mathematics Faculty of Moscow State University and then Khar'kov Hydro-
meteorological Institute. During the period 1944-1947 he worked at the Yak-
utsk Geophysical Observatory, first as an aerological engineer and then as
head of the aerology division. In 1947 he undertook graduate studies at the
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Central Aerological Observatory. S. M. Shmeter was the first graduate stu-
dent at the observatory and after then all his scientific activity over a
period of 32 years has been closely associated with the Central Aerological
- Observatory.

S. M. Shmeter dealt with a very broad range of problems during these years.
Original investigations of the chemical composition of clouds were the sub-
Ject of his Candidate's dissertation, which he successfully defended in
1951. During 1951-1957 he carried out a series of important theoretical

and experimental studies devoted to an improvement in aerological measure-
ments. Since 1957 the scientific activity of Solomon Moiseyevich for the
most part has been concentrated on experimental investigations of atmo-
spheric turbulence and cloud physics. His many years of investigations of
the dynamics and mesostructure of convective clouds later served as a ba-
sis for his doctoral dissertation, successfully defended in 1968. The book
by S. M. Shmeter, entitled FIZIKA KONVEKTIVNYKH OBLAKOV (Physics of Con-

- vective Clouds), received broad international recognition.

S. M. Shmeter repeatedly headed flight expeditions and participated in

flights carried out under highly complex meteorological conditions. Dur-

ing these flight expeditions he created a new method for aircraft inves-

tigations of the atmosphere and obtained unique materials substantizlly

enriching our concepts concerning turbulence, convection, and especially
- the physics of convective clouds.

The results of the studies of S. M. Shmeter have been published in more
than 60 scientific articles. He is the author and coauthor of six mono-
graphs on cloud physics and atmospheric turbulence. Three of his mono-
graphs have been translated and published abroad. The rich experience of
this working aerologist and at the same time his excellent mastery of

- theory assisted him in creating a text for use in the aerology course
(1965), he being the coauthor.

Solomon Moiseyevich devotes great attention to teaching work. Under his
direction several Candidate's dissertations were prepared on different
agpects of atmospheric physics.

S. M. Shmeter is engaged in much public and political work. A member of
the CPSU since 1945, he devotes much time and energy to the indoctrina-
tion of young scientists.

Now S. M. Shmeter is at the height of his creative forces and we wish

him good health and retention of the same vigorous activity and further
creative successes.
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AT THE USSR STATE COMMITTEE ON HYDROMETEOROLOGY AND ENVIRONMENTAL MONITORING
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 122-123
[Article by V. N. Drozdov and V. M, Voloshchuk]

i [Text] A regular session of the Scientific Council of the State Committee
on Hydrometeorology and Environmental Monitoring on the problem "Study of
- the Oceans and Seas" was held on 28 November 1979.

A report entitled "Preliminary Results of an Interdepartmental Expedition
; in the Baltic Sea and Prospects for its Hydrometeorological Investigation"
was presented by I. N. Davidan. In his report he noted that the Leningrad
Division of the State Oceanographic Institute and the Northwestern Admin-
istration of the Hydrometeorological Service, within the framework of the
Commission "Study of Hydrology and Water Contamination of the Baltic Sea,"
during 1978-1979 carried out much work for bringing together the efforts
of different departments in the field of organization and implementation
of comprehensive investigations of the Baltic Sea, a generalization of the
results of two interdepartmental expeditions. The expeditions were carried
out to study the most timely problems of the Baltic Sea (processes on a
synoptic scale, variability and spatial nonuniformity of contamination
fields) in accordance with programs developed at the Leningrad Division
- of the State Oceanographic Institute.

Due to the close contacts between the Leningrad Division of the State
Oceanographic Institute, the Northwestern Administration of the Hydrometeor-
ological Service and the Arctic and Antarctic Scientific Research Institute,
the following organizations became involved in the expeditions: Baltic Sci-
entific Research Institute of Fisheries, Central Scientific Research Inst-
tute of Geodesy, Aerial Mapping and Cartography, All-Union Scientific Re-
search Institute of Marine Geology and the TEF and GS DKBF [expansions un-
known]. The expeditions were carried out successfully and made it possible
to obtain new, original results, important for study of the Baltic Sea.

Then the speaker discussed in detail the results obtained from the observa-
tions and those preliminary conclusions which have been drawn. In conclu-
sion he analyzed the principal directions in hydrometeorological investiga-
tions in the Baltic Sea.
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The Council noted that the results obtained from the interdepartmental ex-
peditions in the Baltic Sea and also the results of intradepartmental exped-
itions in Tallinn Gulf, in which several ships and aircraft participated
simultaneously, make it possible to consider such an organization of field
investigations to be the most rational in light of new tasks for preserva-
tion of the environment.

In its resolution the Council approved the organization and implementation
of such work and recommended that the Leningrad Division of the State Ocean-
ographic Institute prepare materials on the organization and implementation
of such expeditions for extending the experience to other basins. The coun-
cil also decided to consider an interdepartmental program for investigations
of the Baltic Sea as a unified geographical feature over the extended period
- of 15~20 years (Project "Baltika").

A representative of the State Oceanographic Institute, A. N. Ovsyannikov and
a representative of the Arctic and Antarctic Scientific Research: Institute,
A. T. Bozhkov reported on the second problem "Status and Prospects of De-
velopment of the Sea Coastal Network."

After hearing and discussing the reports, the Council noted that the marine
administrations of the Hydrometeorological Service are devoting great at-

- tention to supporting the normal work of the marine hydrometeorological net-
work. The quality of observations in the marine network on the whole is
good.

The State Oceanographic Institute and the Arctic and Antarctic Scientific
Research Institute are carrying out a systematic checking of operation of
the marine network and are rendering the necessary assistance.

During 1980 the State Oceanographic Institute, in collaboration with the
Arctic and Antarctic Scientific Research Institute, Far Eastern Scientific
Research Hydrometeorological Institute and hydrometeorological observator-
ies of marine administrations of the Hydrometeorological Service will carry
out scientific research work on the theme "Development of a Scheme for the
Distribution of the Marine Coastal Hydrometeorological Network in the Seas
of the USSR," which will make possible a scientific validation of the
prospects for development of the marine network.

V. N. Drozdov

An unofficial conference of experts on statistical planning of the Precip-
itation Enhancement Project was held at the State Committee on Hydrometeor-
ology during the period 29 October-2 November 1979. It was devoted to the
International Precipitation Enhancement Project being carried out in the
basin of the Douro River (Spain). The scientific objectives of this project
were defined by the 28th Session of the Executive Committee WMO in 1976.
There have already been a series of unofficial conferences of experts at

167

TIAT ATIMTATAT 1AM Asvr vy

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

which there was a discussicn of different aspects of the Precipitation En-
hancement Project. The materials of these conferences were given in dif-
ferent WMO bulletins and reports (Weather Modification Programme. Precip-
itation Enhancement Project).

- At the conference of experts on statistical planning of the Precipitation
Enhancement Project there was discussion of the present status of work on
the project, the specialists analyzed the aspects of statistical planning
and evaluation of field experiments with artificial modification for the
purpose of obtaining additional precipitation and formulated recommenda-
tions for further preliminary investigations which must be made for the
purposes of the Precipitation Enhancement Project in the Douro basin.

The Soviet delegation familiarized the foreign specilalists with the prob-
lems involved in the planning of field experiments for enhancing precipi-
tation in the steppe region of the Ukraine and in the basin of Lake Sevan,
with the results of experiments already carried out, and also with plans
for further improvement of statistical evaluations of the results of field
experiments being carried out at the present time in the USSR under the
direction of Academician A. N. Kolmogorov. Foreign speclalists presented
concise information on studies discussed at the Sixth Conference on the
Use of Probabilistic and Statistical Methods in the Atmospheric Sciences
held by the American Meteorological Society during the period 9-12 October
1979 in Canada. The conference materials will be published in the next WMO
bulletin (Weather Modification Programme. Precipitation Enhancement Pro-
ject). '

V. M. Voloshchuk
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CONFERENCES, MEETINGS AND SEMINARS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 pp 124-128

[Article by L. S. Speranskiy, K. Ya. Vinnikov, N. F. Dement'yev and V. D.
- Komarov]

- [Text] An All-Union Conference on "Hydrodynamic and Statistical Methods
for Local Weather Forecasting and Problems in Mesometeorology" was held
in Novosibirsk during the period 15-19 October 1979. The conference was
attended by representatives of 15 scientific institutes and colleges in
the country. A total of 36 reports were presented.

A large group of reports was devoted to hydrodynamic methods for local
weather forecasting. Here, in particular, we should mention a report by
Academician G. I. Marchuk, V. V. Penenko, A. Ye. Aloyan and G. L. Lazri-
yev (Computation Center Siberian Department USSR Academy of Sciences) on
numerical modeling of the microclimate of cities, with anthropogenic fac-
tors taken into account. Individual aspects of this problem were examined
in reports by A. Ye. Aloyan, D. L. Iordanmov and V. V. Penenko, entitled
"Numerical Modeling of Transport of Passive Admixtures," A. Ye. Aloyan,
G. L. Lazriyev and V. V. Abramenko, '"Methods for Taking the Turbulent En-
ergy Equation into Account,” and A. Ye. Aloyan and G. V. Isayev, "Propaga-
tion of an Admixture in the Surface Layer from Fixed and Moving Sources."

A series of reports presented by specialists of the USSR Hydrometeorolog-
{cal Center was devoted to studies for creating a local forecasting model
on the basis of deep convection equations. A numerical algorithm for in-
tegrating a system of deep convection equations and investigating the
properties of this system was discussed by V. Z. Kisel 'nikov, Ye. M.
Pekeclis and D. Ya. Pressman. A report by M. Alautdinov and N. P. Vel'tishch-
ev presented a method for computing radiation heat influxes and gave the
results of modeling of the diurnal variation of meteorological elements

. under moist deep convection conditions. A. A. Zhelnin and A. A. Bregman
told of an algorithm for the parameterization of microphysical processes
related to the formation of clouds and precipitation. V. M. Losev reported
on computation of stationary mesoscale temperature and wind fields on the
basis of synoptic information using linearized deep coavection equations.
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P. Yu. Pushistov, L. S. Speranskiy, T. A. Toloknova and Ye. G. Sementsova
(West Siberian Regional Scientific Research Hydrometeorological Institute)
reported on a model of local forecasting for a lowland territory and pre-
sented some results of forecasts made on the basis of this model. V. K.
Arguchintsev (Irkutsk State University) told about a two-dimensional model
for investigating breeze effects, constructed without the simplification
of quasistatics. B. G. Veger (Leningrad Institute of Construction Engin-
eers) reported on allowance for horizontal diffusion in a model of the
surface layer intended for calculation of the heat and moisture transfer
reglme in the presence of inhomogeneities of a small linear scale (canal
in the desert, flight strip). His second report was devoted to experience
in the use of splines in boundary layer problems. M. S. Akhmetov (Pskov
State University) told of some aspects of interaction between open pit
mines and the atmosphere.

A number of reports were devoted to an investigation of convection and tur-
bulence. R. S. Pastushkov and S. A. Vladimirov told about numerical model-
ing of the convective cloud cover accompanying a squall. G. G. Goral' and
0. I. Chapovskaya (High-Mountain Geophysical Institute) reported on exper-
imental investigations of convective processes accompanied by squalls.

The synoptic and thermodynamic conditions determining the localization and
intensity of convection in the Northern Caucasus were examined by L. M.
Fedchenko and V. A. Belentsova (High-Mountain Geophysical Institute). The
report of A. N. Koval'chuk and T. N. Terskovoy (High-Mountain Geophysical
Institute) was devoted to an investigation of the dynamics of cumulonimbus
clouds and the conditions for the formation of well-developed hail cells.
An investigation of a model of a cloud ensemble on the basis of GATE data
was presented by A. I. Fal'kovich (USSR Hydrometeorological Center). The
subject of two reports by P. Yu. Pushistov, V. M. Mal'bakhov and S. M.
Kononenko was the numerical modeling of penetrating convection in the
boundary layer and an inves:igation of two-level convective ensembles and
the mechanism of formation of cumulus clouds.

A repart by A. S. Gavrilov (Leningrad Hydrometeorological Institute) was
devoted to an investigation of the convective boundary layer using a dif-
ferent tool: systems of Fridman-Keller moment equations. In this report,
as in the communication of the above-mentioned authors, great attention
was devoted to the problem of antigradient heat transfer. A. G. Tarnopol’~
skiy (State Oceanographic Institute) and V. A. Shnaydman (Odessa Hydro-
meteorological Institute) made a comparative investigation of the charac-
teristics of turbulence obtained employing two closing methods: on the
basis of an equation for the rate of dissipation of turbulent emergy and
using the generalized Karman hypothesis. An investigation of the struc-
ture of vertical movements in the boundary layer on the basis of experi-
mental data was the subject of a report by Yu. P. Perevedentsev and Yu.

G. Khabutdinov (Kiev State University). The results of experimental in-
vestigations and methods for computing turbulence in the layer 50-500 m
were reported by V. N. Barakhtin and E, A. Morozov (West Siberian Regional
Scientific Research Hydrometeorological Institute).
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A report by B. N. Sergeyev (Central Aerological Observatory), telling
about a two-dimensional model of an atmospheric front, devoted great at-
tention to the parameterization of phase transitions and the formation

of precipitation. A model of formation of a frontal zone, taking into ac-
count nonadiabatic factors, was examined by B. Ya. Kutsenko (Central Aero-
logical Observatory). A report by Z., N. Kogan and N. Z. Pinus (Central
Aerological Observatory) was devoted to an evaluation of the budget of
the principal types of energy in a middle-latitude cyclone. The subject
of a second communication by Kogan was a study of the kinetic character-
istics of a cyclone on the basis of radiosonde data. Investigations of
the interaction between the boundary layer and the free atmosphere for
processes on a subsynoptic scale were reported by V. A. Shlychkov and

P. Yu. Pushistov. :

Two reports were devoted to problems involved in flow around barriers: "Lee
Wave Resistance Exerted by a Real Mountain System" -- V. N. Kozhevnikov,

N. N. Zidlev and N. N. Pertsev (Moscow State University), "Numerical Mod-
eling of the Problem of Flow Around Obstacles by an Incompressible Fluid"
== I. G. Granberg (Institute of Physics of the Atmosphere).

A number of reports examined models of prediction of local phenomena on
the basis of statistical methods.

The methods for ordering and sampling of parameters in local alternative
models were investigated in a report by T. A. Anikina, G. M. Vinogradova
and L. N. Romanov (West Siberian Regional Scientific Research Hydrometeor-
ological Ingtitute). One statistical forecasting method, based on the ex-
pnnsfon of the flelds of meteorological elements into series in a sysatem
of linearly independent functions, was discussed by V. V. Kostyukov (West
Siberian Regional Scientific Research Hydrometeorological Institute). A
model of prediction of the frequency of recurrence of breezes was examin-
ed in a report by E. A. Burman and F. Ya. Stupina (Odessa Hydrometeorolog-
ical Institute). The following reports of specialists of the West Siberian
Regional Scientific Research Hydrometeorological Institute were also de-
voted to the prediction of individual weather phenomena: M. Ya. Kogan and
L. N. Romanov -- "Quasilinear Models for Prediction of Diurnal Temperature
Variation," G. G. Polyakov and Z. V. Torbina -- "Prediction of Precipita-
tion Using a Piecewise-Linear Model," D. I. Zenkevich -- "Prediction of
Visibility in Snowfalls," I. P. Prokop'yev —- "Prediction of Significant
Snowfalls in the Southeastern Part of Western Siberia."

L. S. Speranskiy
A bilateral Soviet-American symposium on the modeling of climate, climatic
changes and the statistical processing of climatic data was held at Thil-
isi during the period 15-22 October 1979.
It was the sixth of a series of symposia held during 1976-1979 within the
framework of project 02.08.11 -- "Effect of Changes in the Heat Balance on
Climate" of Working Group VIII ("Effect of Environmental Change on Climate'
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of the Soviet~American Commission on Scientific Cooperation in the Field
of Preservatlon of the Environment.

The project is headed on the Soviet side by Corresponding Member USSR Acad-
emy of Sciences M. I. Budyko, and on the American side -- Professor W. L.
Gates.

Well-known American scientists participated in the symposium: W. L. Gates,
E. N. Lorenz, R. D. Sess, R. M. Chervin, S. Esbensen, M. Halem, I. M. Held,

- R. D. Jenne, R, Madden, G. R. North, A, Robock, M. J. Suarez, J. M. Wal-
lace, E. R. neiter and E. W. Bierley. On the Soviet side there were about
30 specialists, for the most part from the institutes of the State Com-
mittee on Hydrometeorology and the USSR Academy of Sciences.

The symposium program included 37 reports, including 20 reports of Soviet

sclentists and 16 reports of scientists of the United States delegation.

- One report was presented jointly by the scientists of the USSR and the
United States.

The most general problems were considered in the reports of M. I. Budyko
and E. N. Lorenz.

The report of M. I. Budyko contained a synthesis of modern concepts con-
cerning impending changes in global climate and the biosphere under the
influence of anthropogenic change in the content of carbon dioxide in the
atmosphere. The report expressed the assurance that already at the pres-
ent time it is possible to prepare forecasts of climatic change necessary
for working up long-range economic development plans.

The problem of the predictability of behavior of a climatic system was
discussed in a report by F N. Lorenz. Touching upon the problems involv-
ed in prediction of climatic changes in relation to the increase in con-
tent of atmospheric €02, E. N. Lorenz surmises that this is precisely

the type of climatic problem whose solution will be most feasible by ap-
plication of the numerical modeling method.

Empirical evaluations of recent changes in the thermal and ice regimes of
the northern hemisphere were examined in a joint report of specialists of
four institutes of the State Committee on Hydrometeorology: K. Ya. Vin-
nikov, G.V. Gruza, V. F, Zakharov, N. P. Kovyneva, K. M. Lugina and E.
Ya. Ran'kova. It was demonstrated in the report that beginning from the
middle 1960's there has been a warming of the northern hemisphere with a
mean intensity 0.1-0.2° C/10 years. This warming is accompanied by a sub-
stantial reduction in the total ice content in the Arctic Ocean.

In a report by A. Robock, on the basis of an analysis of empirical data
characterizing the change in the mean temperature of the northern hemi-
sphere during the last 400 years, carried out using a numerical zonal
model of a climatic system with parameterized dynamics, the author
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refuted the hypothesis that 'solar activity" is one of the important fac- -
tors in change in global climate.

Empirical data on recent changes in climate and the results of a statis-
tical analysis and generalization were also presented in the reports

of E. R. Reiter, K. Ya. Vinnikov and P. Ya. Groysman, G. V. Gruza and

E. Ya.Ran'kova, R. D. Madden, 0. A, Drozdov, J. M. Wallace and D. S.
Gutsler, Ye. M. Dobryshman, M. I. Fortus and Ya. M. Kheyfets, N. V. Koby-
sheva and L. P. Naumova, L. S. Petrov, et al., V. N. Adamenko, Yu. L.
Rauner.

The climate modeling problem was discussed in more than ten reports. Eval-
uations of the influence of an increase in the content of CO2 in the at-
mosphere on the climatic regime, obtained using the Oregon University
model, were presented in a report by W. L. Gates. Although the model in-
cludes a realistic description of the topography of the earth's surface
and the seasonal variation cf solar radiation, these evaluations cannot
be used for predicting climatic changes, since in this investigation the
temperature of the ocean surface is considered stipulated and does not
change with an effect on the climatic system.

The necegsity for allowance for the influence of thermal inertia of the

ocean on the change in air temperature accompanying an anthropogenic in-
crease In the atmospheric content of CO2 was demonstrated in a report by
R. D. Sess. In another report by this author it was stated that the pro-
cess of global warming can be accelerated as a result of the increasing

anthropogenic discharge of the compounds CO, NOx, CHi, forming from fuel
combustion.

In a report read by V. P. Dymnikov, Academician G. I. Marchuk and his col-
leagues gave detailed information concerning the status of studies on con-
struction of models in the theory of climate at the Computation Center
Siberian Department USSR Academy of Sciences. I. V. Trosnikov told about
a model of general circulation of the atmosphere developed at the USSR
Hydrometeorological Center.

It was demonstrated in a report by V. P. Meleshko and R. T. Vezerold that
allowance for the real geographical distribution of cloud cover exerts a
substantial influence on the local characteristics of the climatic and
circulatory regime of the atmosphere.

Important problems in study of the laws of behavior and sensitivity of a
global climatic system by means of models were also examined in reports
by Corresponding Member USSR Academy of Sciences G. S. Golitsyn, G. North,
M. Suarez, I. L. Karol' and I. M. Held.

The reports of V. A. Aleksandrov and V. Ya. Sergin, R. M. Chervin and M.

Halem were devoted to a study of the statistical characteristics of the
meteorological regime, reproducible using models of general circulation
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of the atmosphere. The studies of these authors give additional informa-
tion on how realistic climatic models are and make possible a more cor-
rect formulation of numerical experiments for evaluating the sensitivity
of climate to external effects.

Without dwelling on the other reports (the materials contained in them
have been partially published), we note a paper by I. M. Held, which

was discussed from the floor, telling about a new study by Manabe and Weth-
erhold which gave an evaluation of the influence of doubling and quadrupl-
ing of atmospheric CO2 content on the mean annual climatic regime over the
continents and oceans separately. According to these evaluations, the warm-
ing of climate can be accompanied by a substantial change of moistening
conditions in agriculturally important regions of the continents.

The participants in the symposium expressed the opinion that it is neces-
sary to summarize the results of the series of Soviet-American symposia
held during the period 1976-1979 at a conference of Soviet and American
experts on the problem of the influence of CO) on climate. Upon completion
of the symposium this proposal was adopted at a session of the Eighth
Working Group of the Soviet-American Commission.

K. Ya. Vinnikov

*kk

The Tenth Conference of the Danubian Countries on Hydrological Forecasts
was held in Vienna during the period 11-14 September 1979. It was attend-
ed by delegations from Austria, Bulgaria, Hungary, USSR, West Germany,
Czechoslovakia and Yugoslavia, as well as two hydrologists from Switzerland
and one each from East Germany and the Netherlands. Three international or-
ganizations were represented at the conference: Danubian Commission, World
Meteorological Organizatio.. and International Institute of Systems Analy-
sis. The total number of participants was 134. The working languages were
Russian and German.

- In evaluating the organization of the conference work we should note the
high level of its preparation and implementation. Before the conference
began two volumes of materials were published which contained national
reports on the methods used in each country for predicting the water

and ice regimes of the Danube (one volume) and the reports presented at
the conference (second volume). Also included were author's summaries

of reports and detailed programs of the scientific sessions and field
trips. Each conferee received these materials. We should also note the
exceptionally high quality of simultaneous translation. All this favored
the complete success of the conference.

Thirty-four reports were presented and discussed at six scientific ses-
sions. Most of these were devoted to the following problems and aspects
of hydrological forecasts for the Danube and its tributaries: short-range
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forecasting of levels and discharges, long-range forecasting of levels
and discharges, forecasting of ice phenomena, forecasting of channel
processes and runoff of sediments, evaluation of the accuracy and econom-—
ic effectiveness of forecasts.

The greatest number of reports (15) dealt with methods for the short-range
forecasting of water discharges and levels in the Danube and its tributar-

- ies. The basis for the methods is mathematical models of the channel phase
of runoff, differing in complexity, and models known under the name "pre-
cipitation-runoff."”

Among the first of these models attention was centered on an adaptive lin-
ear model of channel runoff whose parameters vary continuously in de-
pendence on the observed error in forecasts on the preceding days. Pre-
computations of river discharges and levels using an electronic computer
on the basis of such a "self-adjusting" forecasting method are probably
of considerable practical interest. The model was developed by the Hungar-
ian hydrologist Sh. Ambrush for the reach of the Danube between Dunafoldvar
and Baja, but it naturally has quite general significance. In the fore-
casting methods which were discussed in the reports of Kresser, Gutknecht
and Dreher (Austria), Engel and Mendel, Schiller and Tissa (West Germany)
and Stefanova (Bulgaria) the emphasis was on computations of the travel-
time curve of water on the basis of models of a cascade of linear and
nonlinear capacitances. In general, these models are quite well known.
Nevertheless, the reports were of considerable interest because they fam-
iliarized the conferees with some modifications of these models and pro-

- cedures for determining their parameters. It is also important that river
reaches with a cascade of reservoirs were among the investigated objects.

"Precipitation-runoff" models were discussed in reports by Lutz, Koch and
- Rosemann (West Germany), Lukachova (Czechosluvakia), Georgevic (Yugoslav-
1a) and Nachtnebel (Austria). In scientific respects the most interesting
- reports were an investigation of the influence exerted by the intemsity
of precipitation, runoff losses and some other factors on the form of the
- unit hydrograph (report by Lutz) and a nonlinear model of the "runoff-
precipitation" type (reports by Lukachova and Nachtnebel).

In the reports presented at the preceding conference in Budapest it could
be seen that in the "precipitation-runoff" model there is still a part
which has not been adequately developed; reference is to computations of
runoff losses with time. Unfortunately, this situation still persists, as
follows from the conference reports in Vienna. The reason for this is the
_ absence of extensive investigations of the problem of infiltration of
rain water, especially investigations on the basis of experimental and
representative basins. The use of a mathematical approach alone does not
solve this complex problem. Attention was given to this circumstance
at the final session of the conference.

The reports on the considered problem also contained important informa-
tion relating to remote measurements of hydrometeorological elements
and the automated collection of the results of these measurements at the

175

FAR NRRTCOTAT 11Q%W NNTV

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090007-3

LUIN ULl ivaais oo [EPORN

forecast preparation center. Since the maximum possible advance time

for predicting rain-induced high waters in many cases is less than 24 and
even 12 hours, an acceleration of the collectior of ianitial data for
preparation of a forecast 1s of very great practical importance. A pre-
diction of precipitation, to be sure, makes it possible to increase the
advance time for predicting high water. In this connection informational
reports on precipitation forecasts were presented at the conference.

It should be noted that in connection with the construction of a large
number of reservoirs on the Danube tributaries the problem of their con-
trol is becoming increasingly acute. For this reason, and also in rela-
tlon to the probiems involved in monitoring water quality (two reports —-—
from the USSR and Bulgaria -- were devoted to water quality problems),
short-range forecasts are acquiring ever-~greater importance. Naturally,
the prediction of exceptionally high waters, constituting a danger for
the population and enterprises along the shores, also retains its im-
portance in the presence of reservoirs.

At this conference there was not a single report on the problem of long-
range forecasting of low levels of the Danube, having great importance
for navigation. For that reason particular interest was shown in a re-
port by V. M, Mukhin (USSR Hydrometeorological Center) on a method for
predicting the levels of the Danube for 10-20 days in advance. The basis
of the method is a mathematical model which takes into acccunt the role
of water distribution along the length of the river and the role of the
distribution of precipitation over the area of the basin in the formation
of vater discharges at the lowest-lying station on the river. Such fore-
casts make 1t possible to know the depth in the main channel during the
movement of a ship in the Danube reach from Bezdan to Tulcea, with an ex-
tent of about 1,400 km. The report caused Interest as well due to the
fact that for solving the problem V. M. Mukhin used a modern approach
(component analysis, theory of solution of incorrectly formulated prob-
lems).

Four reports were devoted to a superlong-range forecasting of the water
volume in the Danube and an analysis of its changes over a period of
many years. They did not contain new appreaches to solution of the prob-
lem of superlong-range forecasting of river runoff. We note that among
the hydrologists of the Soviet Union the opinion prevails that there is
no firm scientific basis for the superlong-range forecasting at this
time and that investigat’ons of this problem have a strictly explora-
tory nature. The Soviet delegation presented no reports on the super-
long-range forecasting of river volume, although at the preceding con-
ference at Budapest we did present reports on this problem.

Six reports were presented on the problem of channel processes and the
runoff of sediments. However, only the reports from the Soviet Union

were devoted to a quantitative prediction of river channel deformations
(B. F. Spishchenko, State Hydrological Institute and V. N. Mikhaylov,
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Moscow State University). The reports on sediments, in essence, contain-
ed no methods for predicting the solid runoff of the Danube and its trib-
utaries. Nevertheless, they were interesting since they gave the results
of investigations which without question will be used in developing meth-
ods for predicting the runoff of sediments. For example, in a report pre-
- sented by Bulgaria there were data characterizing the distribution of
the granuiarity of bottom deposits in a reach of the Danube with an ex-
tent of about 2,000 kilometers and casting light on the evolution of the
compos {tion of deposits along the length of this river. The acoustlc
: method for measuring bottom sediments 1s quite novel; 1t was descrlbed
in a report by Schlagge (West Germany).

It is well known that the problems involved in predicting the ice regime
of rivers in the Danube basin are being studied primarily in the Soviet

- Union. It is therefore not surprising that only our reports were present-
ed at the conference: one about the hydrological conditions of winter
navigation and another about the method for long-range forecasting of
the duration of ice phenomena and the times for clearing of the Danube
from ice.

There were only two special reports on the problem of evaluating the econ-
omic effectiveness of forecasts. The matter of economic effectiveness was
touched upon in a number of other reports in which data were cited quanti-
tatively characterizing the advantage gained from different specific fore-
casts of the water volumes in the Danube and its tributaries.

Upon completion of the sclentific program of the conference an excursion

wns organized for {ts participants to the Danube Melk and Tbbs-Persenboyg
lydroclectric Power Stations, the first of which is under construction,
whereas the second has been in operation since 1958. An exhibition of hydro-
meteorological instruments was held during the conference.

N. F. Dement'yev and V. D. Komarov
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NEWS FROM ABROAD
Moscow METEORULOGIYA I GIDROLOGIYA in Russian No 3, Mar 80 p 128
[Article by B. I. Silkin]

[Text] As reported in NATURE, Vol 278 and SCIENCE NEWS, Vol 115, No 17,
1979, several years ago the American space probe "Mariner-9" registered
evidence of the existence of baroclinic waves in the Martian atmosphere
(pressure systems which on earth are usually associated with cyclones).

At that time thelr presence was established at the end of winter in the
planet’'s northern hemisphere. In general, it was found, the north polar re-
gion is one of the most meteorologically active.

Now meteorological observations on Mars have been made with a considerably
greater accuracy using equipment carried aboard the orbital compartment of
the interplanetary station '"Viking-1." It was possible to photograph sum-
mer cloud structures similar to the classical structures associated with
cyclones on the earth. In actuality the orbital compartments of the 'Viking"
are not meteorological satellites, but the duration of their existence made
it possible to accumulate observational data of meteorological value. The
directors of the team processing these space photographs, Harry E. Hunt
(University College, London, England) and Philip B. Jones (Missouri State
University, United States) note that for the first time evidence was obtain-
ed that under summer conditions it is possible to observe the baroclinic
waves usually predominating in other seasons.

The most interesting atmospheric formation was discovered near 81°N, 160°E

- on Mars, almost at the very edge of the planet's polar cap. Observations in
the IR part of the spectrum indicated the existence here of a steep tempera-
tu . gradient at the surface; immediately to the south of the postulated cy-
clone a temperature of 237 K was registered, directly beneath it -- about
230 X, and to the north of it -~ approximately 215 K. Under conditions of
cyclonic systems it is natural to expect precisely such a gradient. This is
because the atmospheric waves causing such disturbances usually are formed
within polar fronts separating cold masses of arctic air from the warmer
middle-latitude atmosphere.
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Still another rotational structure was discovered closer to the equator
at about 66°N and 227°E. Evidently it also contained water ice. The ele-
vation of this formation, determined from shadows on the planetary sur-

R face, was from 6 to 7 km. The wind speed was about 23.1 m/sec in the ey
clouds and about 9.2 m/sec in the surface layer. %
In addition, evidences of the existence of baroclinic systems were detect-
ed by the two landing modules of the '"Viking" when these systems passed
over them. The meteorological instrumentation of these landing modules
operated continuously for more than 688 days, that is, more than one Mar-
tian year. However, the cameras on the modules were oriented in such a
way that they could not record the true configurations of the cyclonic
formations. However, the very fact of their existence on Mars is consid-~
ered completely demonstrated on the basis of the data obtained from the

_ orbital modules.
*kkkk

As reported in NATURE, Vol 280, 1979, and NEW SCIENTIST, Vol 83, No 1163,
carbon dioxide, entering into the atmosphere in ever-greater quantities
as a result of man's transportation and industrial activity, is creating

a so-called greenhouse effect which is an obstacle to heat transfer from
the earth's surface. In addition to its warming, it naturally will lead to
a cooling of the higher layers of the atmosphere deprived of this heat
source.

It was recently established that an insignificant decrease of stratospher-
ic temperature impairs the photochemical balance in such a way that it
favors the retention of ozone. The easily vulnerable layer of the ozono-
sphere in the atmosphere, which is threatened by the increasing discharge
of fluorocarbons into air space, thus is acquiring a definite possibility
of preservation and renewal.

Scientific specialists of the British Meteorological Service K. Groves and
A. Tuck have improved the mathematical model of the atmosphere, including
in it data on the influence of carbon dioxide and the temperature effects
related to it on the course of 35 different photochemical reactions main-
taining the ozone balance in the troposphere.

They ascertained that even if the entry of fluorocarbons into the atmo-
sphere persists at the 1975 level, by the year 2020 the quantity of ozone
will only be reduced by 8.6%. Until now, without taking the influence of

carbon dioxide into account, it was assumed that this reduction could
attain 15-20%.
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On the other hand, even such an insignificant reduction in the total con-
centration of ozone can bhe accompanied by a substantial displacement of
the altitude of the maln layer of ozone concentration in air space and
also a change in Lts entire vertical temperature structure. For the time
being it is unclear to speciaiists as to what climatic changes can result

from this.

COPYRIGHT: '"Meteorologiya i gidrologiya,™ 1980
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